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HE Art of Navigation is divided 


A 


S into two principal Parts, vis. the 
85 2 Working Part, and the Guiding or 
Piloting Part. This latter has from Time to 
"Time been improving, and ſeems to want no- 
thing but the Longitude, to bring it to Per- 
fection. But we cannot fay this of the for- 
mer Part, which, though doubtleſs the moſt 
important of the two, has yet been quite 
neglected by the ancient Geometricians; it 
being only in theſe latter Ages, that People 
ow to think of finding out a Theory, ta 
* 2 illustrate 
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Wuſtrate and explain the Practice of Naviga- 


tors, and make them apprehend the affured 
Principles of an Art, which gives all the Mo- 


tions to Ships that they are capable of, with 


the greateſt A and Advantage Poſſi- 

ble. 
As nothing can be of more Uk than a good 

Way of working a Ship; ſo nothing can be 


more neceſſary than for Seamen to acquire 


the Knowledge of thoſe Principles, which 
may infallibly guide and conduct them in their 
Operations. : 


The Advantages they will ; acquire from this 


Study, will be, to known how to give the 
| beſt Situations to the Sails and Rudder; ſo as 
to make the greateſt Way poſſible; moſt 


readily tack about; exactly find the Lee- 


Way; and conſequently the true Courſe 
made good ; and the beſt Eſtimate of the 
Ship's Way: which is all that can be required 
of the Art, to perform a Voyage, with as 
much Certainty, Expedition, and, in a Word, 
Perfection, as poſſible. For, fince we always 
know the Place departed from; the Courſe 


and Diſtance ſailed being known too, will 
conduce likewiſe to our finding the Place 


Whereat the Ship is. Add to this, that by 


help of a Perſon expert at the working of a 


pap, 9 the Seamen will be enabled to make a 


I good 
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good Uſe of the Winds; to get clear of a 
Coaſt; weather a Cape; avoid Dangers; "= 

4 low a Ship; give Chaſe to, or avoid her; of 
get the Advantage of the Wind, and keep = 
tt, eſpecially in a Sea-Fight. 

It muſt be owned, indeed, we have ſeen 2a 


very great Seamen, who have been excellently 


killed in the Art of the working of a Ship, 
and yet at the ſame Time have known but 
little or nothing of the Theory of their Art. 
Amongſt whom are Mr. Tourville, Jobn Bart, 
Du Queſne, Gue Trouin, Ge. the Superiority 
of their Genius, long habitual Practice, and 

their Affiduouſneſs i in obtaining ſome Advan- 0 
tage from every thing that offered in their 
daily Practice, did in ſome meaſure ſupply 


their Ignorance of the Theory. But is it not | 
probable, I may fay, evidently certain, they 


would have brought the Art of Navigation 
to a much higher pitch of Perfection, or at 
| leaſt have ſooner arrived to that heighth of 


Perfection, for which we admire them, if 


they had 3 at firſt learned the Theory of their 
Art. 
= "Amongſt all thoſe who have hitherto ac- 
\ quired ſo much Reputation, there is not one 

but owes his Knowledge to a very long Courſe 
of Experience. And therefore, muſt it not 
be very advaritageous to Sea-Officers and Pi- 
| A 3 5 lots, 7 
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mM PREFACE 
lots, to be able to obtain ſuch Helps, without 


being at the Pains of ſo many Years Experi- 


ence? A thorough Knowledge of our Theory 
will render the Practice more familiar and ex- 
peditious to them. The Lee-Way will be 


better known, and the Ship's Rate of going 
not fo uncertain : and this Art, which could 


not be acquired, in any great Degree, but 


from many Courſes, Voyages, Accidents, and 


of great Reputation, have employed their E 
Pains in bringing to Perfection this Part of 


repeated Gbſervations, will become the Work 
of a ſhort Practice, when enlightened and di- 


rected by the certain Rules and ee up- 


on which it is founded. 


It is for procuring theſe Eaſements to Sea- 
men, that ſome of the modern Geometricians 


Navigation, hitherto ſo much neglected. Fa- 


ther Pardie firſt undertook to lay down ſome 
Notions about it, as you will find at the End 


of a Treatiſe of Local Motion and Moving 


Forces, publiſhed in the Vear 1671. But his 
Attempts were unſucceſsful. It ſcarcely hap- 
pening, even in the accurate Sciences, that 
thoſe who firſt begin to treat of them, do 
much more than clear the Way for thoſe who 
come after. The Sagacity and Elegance ſo 
natural to him, did not prevent his falling in- 


to alle Principles ; for all the fundamental 6 
— Pro- 
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' Propoſitions he has endeavoured to lay down; 
are Toh ſo many Parallogiſms. 


After him came the Chevalier Renaud, a 


| Perſon more ſkilful than Pardie, in the prac- 
0 tical Part of Navigation, Who publiſhed | _ 
more extenſive Treatiſe upon the Theory of 
the Working of Ships: But as he has built 
upon the ſame Foundations as Pardie, he 
| likewiſe falls into the ſame Parallogiſms. This 
Tract, however, made a great Noiſe at firſt, 
and was faid to contain the Principles of a 
new Science. It was printed in the Year 1689, 
by Order of Lewis the XIVth. ws 
"Two or three Years after a little Treatiſe 
dn this Subject was publiſhed by Father Hotte 
at Lyons, in a Collection of Mathematical 
Pieces: but he too, treading in the ſame Steps 
with Father Pardie, and the Chevalier Re- 5 
naud, falls into their Errors. : 


The Chevalier Renaud's og ncipal Bebe is 


N firſt taken notice of by Mr. Huygens. Which 


learned Geometrician obſerving the Principle 
from whence the Chevalier Renaud determines 


the different Velocities of a Ship, to be falſe, 


has thereby overthrown the greateſt part of 


; his Theory. But the Chevalier Renaud was Hs 
not convinced by Mr. Huygens's Objection, 


and looked upon them only as Difficulties that 
wanted Explanation and Illuſtration. He an- 
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ſwered Mr. Huygens, to whom Mr. Huygens 
gave a Reply, and the Conrovenly Increaſed : 
on both Sides, 
The Subject in diſpute was very delicate, 
or elſe Mr. Bernoulli, one of the greateſt Ge- 
ometricians of the Age, would not have taken 


part in favour of the Chevalier Renaud. 


Though, indeed, ſome Years afterwards he | 
ranged himſelf on the fide of Mr. Huygens ; 
and even went farther, and diſcovered another 
Miſtake of the Chevalier Renaud's, no leſs 
ſubtile than the firſt, ſince it eſcaped entirely 
the penetrating Genius of Mr. Huygens ; and 
in reality of no leſs Conſequence, ſeeing it re- 
| hated to the Determination of the Lee-Way, 
or ſhews how to find the true ' Courſe of a 


Ship. 


This new Attack of Mr. Berman, was as 
little regarded by the Chevalier Renaud, as that 
of Mr. Huygens, he being ſo ſtrongly preju- 
_ diced in favour of the Solidity of his own 
Principles, as not even to be induced to make 
any Doubt thereof, but obſtinately defended _ 
them till his Death, which happening a little 
time afterwards, put an End to the Diſpute. 
Mr. Bernoulli finding then that almoſt the 
whole Theory of the Chevalier Renaud, as 
well as that of the Fathers Pardie and Hotte, 
are neceſſarily overthrown by two Miſtakes, 
about 
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bout the Velocity and Lee Way of a Ship, 
did himſelf publiſh in the Year 1714, a new 
Theory of the working of Ships, founded 
upon undoubted Principles, more ſolidly eſta- 
9 blimed than any before. But whatever Con- 
tent this Piece may give to Geometricians, 
the Seamen in general can 1 be as little ſatisfied 
Herewith. ET ” 
For this Reaſon, therefore it is, hen 1 
Yetermined to write this ſmall Treatiſe, upon 
the working of Ships, which is ſuitable to the 
| Capacities of Seamen, and wherein the De- 
monſtrations are more ſimple and ſhort than 
| thoſe of that famous Geometrician, and whoſe 
Principles are applied to the Figures of Ships 
nearer approaching to thoſe of ordinary — 
than his. 
The Conſtruction of the Tables, which I . 
Have added to this Tract, is another thing af 
great Conſequence in the Practice of Naviga- 
fion. They are all ſo contrived, as that Sea 
0 fficers and Pilots may, by bare Inſpection, 
have the Velocities; and by their Means be 
enabled to ſolve the moſt important Queſtions 
or Problems relating to the working of Ships. 
1 Mr. Bernoulli, who thoroughly apprehend- 
ed the Uſe of ſuch Tables, has not been want- 
ins to excite ſomebody to conſtruct them, 
8 Fom the following Account of the Advan- 
| . Kae 8 
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4 Th P R E F AC E. 
| tages that they will afford to the Practice: 
| &« For, ſays he, page 96. the great Uſe of 
= -- « ſuch Tables, will very amply make Amends 
| : « for all the Trouble in compoſing them, be- 
i cauſe by their Means we may be enabled 
5 e not only to direct a Ship, ſo as to fail on a 
= « given Courſe in the beſt manner pofſible, 
| but alſo immediately reſolve the moſt im- 
portant Queſtions relating to that Subject; 
« ſuch as finding the Point the neareſt to the 
Wind that a Ship can fail upon, and the 
f 725, 0 beſt Situations of the Keel and Sails, when 1 
{ „ « ſhe runs from the Wind.“ 
| But theſe Tables required by Mr. Bernoulli, 
3 make but a ſmall part of thoſe annexed to our 
ITreatiſe; as will eaſily appear to any one who 
will be at the Pains to examine them. 
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. This Treatiſe is divided into Nine ene 
= The firſt eight contain the Theory and Prin- 
= ciples of the working of Ships; and the ninth 
| ſhews the Uſe of the Tables, together with. 
Þ e ee Reſolution of the chict Problems in the ; 
| I the firſt Section are laid down the gene⸗ | 7 
= ral Principles, or Laws of the Impulſe of 

* Fluids. The ſecond treats of the Principles 
peculiar to the Art, ſuch as Definitions and 3 

Explanations of what is meant when we fay = 
a Ship runs before the Wind, large, or upon 
the 
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e P R E FA C E. 
the Wind, Sc. or when ſhe keeps or runs to 


Windward ; or falls to Leeward. 


In the third Section we ſhew how to 


find the moſt advantageous Situations of the 
Sails and Keel of a Ship, with reſpect to the 

Direction of the Wind, as well when ſhe runs 
upon the Wind, as goes large: when there is 
no Lee-Way, or the Reſiſtance the Ship finds 
in cutting the Water with her Head, or Prow, 


is infinitely ſmall, with regard to the Reſiſt- 


fifth Chapter of his Theory. 


In the fourth Section are laid down the 
Situations of the Sails, and the Drift, or 
Lee-Way; when the horizontal Sections of 
Ships are taken for right- lined Polygons of 
any number of equal Sides, making unequal 
Angles with one another. The greater the 
Number of theſe equal Sides are, the nearer 
will the faid horizontal Sections approach to 
1 5 5 thoſe 


i 


ance her Side would find in cutting the Wa- 
ter. 5 

Altoogh the Method re byu us in this 

: Section, differs from that of Mr. Bernoulli, 
yet we have obtained the fame Equation, or 

Literal Expreſſion as his; though, indeed, it 

is Mr. Huygens's, who gave it without a De- 

monſtration: but Mr. Bernoulli was the firſt 
who generouſly communicated to the Public 
the Analyſis thereof, as may be een. 1 in the 
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thoſe of the real Shapes of Ships, 4tid the 

nearer will what is deduced from them ap- 
proach to the Truth. So that by this Section 
the Quantity of the Lee-Way may be deter- 


mined as near as you pleaſe, and that after 


the moſt certain and natural manner, conſi- 
dering the Irregularity of the Curvatures of 
the Ships. But ſince that Method of Approx- 
imation is very long and troubleſome, we have 
introduced into our fifth Section, the ſame 
Suppoſitions as Mr. Bernoulli, who conſiders 
the horizontal Sections of the Hull, as made 
up of two equal Segments of a Circle joined _ 
together by a common Chord, repreſenting 
the Direction of the Keel! : 
The Theory of the Impulſe of Fluids upon 
curve Surfaces, is one of the moſt important 
and uſeful Applications of the modern Me- 


thod of Fluxions. By this it is, that ſome of 


the greateſt Geometricians have found out the 

curve Line, which moving about a right Line, 
generates a curve Superficies, to which, if that 
Part of a Ship within the Water, be ſhaped, 
ſhe will move with x he leaſt Reſiſtance pofli- 
ble. 


But a Ship of this moſt . Shape: 


Keel, 
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18 ſuppoſed to be deſtitute of Lee-Way; j that | 1 
is, ſhe runs always in the Direction of her 
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| Keel, which can never happen, unleſs when 


ſhe fails directly before the Wind. 
In the ſixth Section we have ſhewn how 
to find the Ratio of the Velocities of a Ship, 


under differ ent Situations of her Sails, when 


her Lee-Way is different, as likewiſe the Ve- 
locities, nat only with regard to the Angles 


made by the Sails and Keel, but alſo when 
the Angles of Incidence of the Wind falling 


upon the Sails, the Forces or relative Veloci- 


ties of the Wind, and the OE of Sails, 5 
are all different. 


Since Mr. Bernoulli in the Lan Tranſ. 


; 3 actions, Diary of the Learned, and in the 


14th Chapter of his Theory, has determined 


1 the Curvature of Sails when filled by the Wind, 
I I ſhall not mention any thing about that here. 
I only take from him the Method of finding 
the mean Effort of the Wind upon the Sails, 
ſo that the Effect of the Curvature of the Sails 
may be reduced to the bare Suppoſition of flat 
bo Sails, as has been already obſerved by the 
— Chevalier Renaud. 


As to the beſt Situation is he Maſts and 


| ; ® Yards, you may conſult the learned Treatiſe 
3 Zof Mr. Bouguer upon the Maſting of Ships, 


which gained the Prize offered by the Aca- 


1 q Nemy in the Year 1 7275 


1 


The 


ö 
In the ſeventh Section, is given the Theorx 
of the Rudder. The Chevalier Renaud is the © 
| firſt who, I believe, determined the beſt an- 
. SE ole the Tiller of a Rudder muſt make with 
| the Ship's Keel, ſo as to moſt readily bring 
= her about; being indeed the fame that Fa- 
| ther Hoſite, Mr. Huygens, Parent, and Guinee, 
found out to be the beſt Angle for the Sails 
of our common Wind-mills, Mr. Bernoulli 
in a ſmall Corollary deduced the beſt Poſition 
of the Angle of the Sails, but we determine the 
ſame Angle when the Lee-Way is conſidered, 
_ when others hitherto ſuppoſed it to be nothing. 
Becauſe the working of Oars has a great | 
Affinity to that of the Rudder, we have given 
the Theory of the former in the eighth Sec- 
tion, and ſhewn the Proportion that the Parts 
of the Oar ought to have, ſo as the Force of | 
the Rowers may be . with the greateſt 1 
Advantage. 5 9 
| In the ninth Section, you hs a Reſolu- 1 
OY tion of the moſt important Queſtions relating 
to the working of Ships. And as the eight 
| firſt Sections chiefly regard the Theory, ſo _ 
tis here is entirely deſigned for Practice. All 
il the Queſtions therein being deduced from the 
it = Principles laid down in the Theory, without 1 
any Uſe of Algebra; that thereby it may bet- 1 
=: ter ſuit the Capacities of Seamen. In this 
Section 
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7 gection we begin with the Conſtruction and 
” Uſe of the practical Tables, and point out 
ſome eſſential Faults that are often committed 
in Practice. 
> Suppoſe a Ship be about to depart or ſet 
fail, and the Angle of her Courſe with the 
Une of the Wind be known ; then the firſt 
3 Problem ſhews how to find the Situation of 
the Sails, and the Quantity of the Lee-Way. 
1 The ſecond and third Problems determine 
the Ratio of the Velocities or Ways run by 
»Ships; the fourth ſhews how to find the re- 
* © Htive Velocity of the Wind at Sea; the fifth 
and ſixth, how to find the Ratio of the dif- 
ferent Velocities of one or more Ships, in all 
155 the various Poſitions of the Sails, Directions 
and Forces of the Wind, poſlible. 5 
The ſeventh Problem ſhews how to tis 
out and compute, the Advantage ariſing from 
ſetting the Sails according to thoſe Angles 
marked down in our Tables, which are taken 
for the moſt advantageous. The eighth com- 
pares the Velocities or Ways made by two 
Ships, when one of them runs — and the 
"i other upon the Wind. 4 
> The ninth Problem ſhews the manner of 
computing how much a Ship falls to Leeward, 
when ſhe goes large, and how much ſhe gets ; 
5 9 to Windward, when ſhe Soes near the Wind. 
"4p When 
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be P R E FA c E. 
When two Ships or two Fleets are ſtriving 
to obtain the Weather-Gage, and in order 
thereto, one of them keeps as cloſe as pofſi- 
ble up to the Wind, whilſt the other runs 
with her Sails and Keel diſpoſed in the moſt 
| advantageous Manner poſſible. Now the 
tenth Problem ſhews what Advantage this 
latter has over the former. As a Ship ſome- 
times in foul Weather is obliged to lie with 
her Broadſide to the Wind, the eleventh Pro- 
blem ſhews nearly what Way ſhe makss in 
that Situation, 


As a Ship ſometimes 1 in foul Weather is 


; obliged to lie with her Broad-fſide to the 


1 ad; the Eleventh Problem ſhews nearly 
what Way ſhe makes in that Situation. 
Since Ships do not always carry the ſame 


Quantity of Sails, the twelfth Problem lays 


down Rules whereby to find out and compute 


the Ways run by a Ship, according as ſhe 


| carries more or leſs Sails. 


Laſtly, the thirteenth Problem ſhews the 


Manner of comparing the Ways run by the 
ſame Ship, carrying more or leſs Sails, when 


ſhe goes before the Wind, goes large, and * 


upon. the Wind, 
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The P REF ACE. 
: | Beſides the Solution of theſe Problems, 
r Which are illuſtrated with ſeveral Examples 
1 we have laid down many other general Rules, 
s to find the abſolute Reſiſtance of the Water 

ſt : upon the Prow and Body of the Ship, the 
we Reſiſtance of the Wind upon the Sails, and 
is the abſolute Velocity of the Wind. = 


A. Extract from the Regiſter of the 
iS Royal. AcapEMV of SCIENCES, 
: 5 the 14th of February, 1731. 


R. Nicole, and the Abbot Bragelome, 5 
1 who were nominated to examine a 

718 Treatiſe of Mr. Pitot, concerning the work- 
2 1 ing of Ships, wherein, (after having given 
ne Rules to find their Lee-Way and Velocities, 
both when the Halves of all the horizontal 
| Sections, at unequal Diſtances from the Keel, 

are ſuppoſed to be ſimilar Polygons of any 
en 4 number of equal Sides, making unequal An- 
es gles with one another, and when every one 
of thoſe half Sections is a Segment of a Cir- 
3 cle of any number of Degrees) he has chiefly 
aimed at reducing to Practice, the Theory of 
'% this part of Navigon, publiſhed by Mr. 
8 Ber- 
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Te PREFACE. 
Bernoulli, in the Year 1714 ; having made 
their Report thereof: The AcapeMy are of 
Opinion, that this Work, eſpecially the Ta- 
bles made by Mr. Pitot, which may be uſed 
by any one of a ſlender Skill in Mathematics, 
cannot but be very uſeful, not only for direct- 


ing Ships in their Courſe, but alſo expediti- 
ouſly reſolving the moſt important Queſtions 


about the working of them, founded upon 
ſuch Suppoſitions as can cauſe but very ſmall 
Errors. In Conſequence whereof I have 
ſigned the preſent Certificate. Dated at Paris, 
the 16th of February, 1731. 155 
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Perpetual Secretary of the 2 
_— endo 4 Sciences. 
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of General Pri, NCT ciples 


Ty E N a Surface receives the Stroke or > 
/& Impulſe of a Fluid, we may indiffe- 
rently either conſider the Fluid to move 
a * againſt the Surface, or the Surface a- 
eaunſt the Fluid, or elſe the one and the other to each 
iv partly partake of the, reſpective Velocity, where 


| the Surface receives the Fluids Impulſe. 


2. The Magnitude of the Strokes of a Fluid a- 

IF ainſt the e Surface with different Velocities are 
Jn the duplicate Ratio of theſe Velocities. This is 
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a general received Principle, being agreeable to 


Experience, and it is demonſtrated commonly from 
hence, that when the Fluid has more Velocity, e- 
very little part of the Fluid ſtrikes with more Force 
in the Ratio of its Velocity, and in the ſame Time 
there are a greater Number of Parts in the ſame 
Ratio too, which ſtrike, from whence ariſes a dupli- 
cate Ratio. This Demonſtration in reality is only 
Phyſical, but we have laid down (in the Memoirs 
of the Academy for the Lear 1725, P. 91.) 4 
geometrical Demonſtration of it, according to 
Calileo's Hypotheſis of the Fall of Bodies. 


3- The oblique Strokes of a Fluid againſt the 


fame Surface, are in the duplicate Ratios of the 4 
Sines of the Angles of Incidence. . 


If AB bea Surface Oblique to che Direction 


RB of a Fluid, the perpendicular AP to that Di- 
rection will be the Sine of the Incidence, A B being 
taken for the Radius. Now it is evident that the _ 
Number of the Parts of the Fluid that would ſtrike _ 
the Surface, if it were perpendicular, is to the 1 
Number of the Parts that ſtrike it obliquely, as 
A B to A P. But moreover it is a Maxim e 1 
and demonſtrated, that the perpendicular Stroke 
of each Part of the Fluid, is to their Oblique 
Strokes, as the Radius, is to the Sine of the Inci- 


| dence of the Obliquity, or as A Bi is to A P. which 
make a duplicate Ratio. 


4. If the ſame Fluid meets ſeveral al Sor: 


es under the ſame Angle of Incidence, the Mag- 
nitudes of the Strokes upon or againſt each Surface, 
will be in the ae Ratio of the e of the 


Surfaces. 
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Surfaces This Principle has no need of a De- 


| monſtration. 


5. From the Principles aforeſaid it follows, that 


if a Fluid Strikes unequal Surfaces with unequal 
Velocities, che Magnitudes of the Blows will be in 
the ſingle Ratio of the Surfaces, and the duplicate 
Ratio of the Velocities. 


6. If a Fluid with the fame Velocity ſtrikes a- 


; N gainſt unequal Surfaces, and under different An- 
giles of Incidence; the Magnitudes of the Strokes 
mall be in a Ratio compounded of the ſingle Ratio 


of the Surfaces, and the duplicate Ratio of the 


Sines of Incidence. 


7. But if equal Surfaces are ſtruck under unequa] | 


© Angles by a Fluid with unequal Velocities; the 
Magnitudes of the Strokes in this Caſe will be in a 
Ratio compounded of the duplicate Ratio of the 
Velocities, and the duplicate 8 of the Sines of 
2 the Angles of Incidence. 


8. Laſtly, if unequal Surfaces are ſtruck by a 


Fluid with unequal Velocities and unequal Angles | 
of Incidence; the Magnitude of the Strokes upon 
each Surface, will be in a Ratio compounded of the 
_ ſingle Ratio of the Surfaces, the duplicate Ratio of 
_ the Velocities, and the duplicate Ratio of the Sines 
3 er the Angles of Incidence. 


9. Under whatever Angle of Incidence a plain 


4 | Surface receives the Impulſe of a Fluid, the Line 
along which that Surface tends, when puſhed by 
3 che F Fluid, is always perpendicular to that Surface, 

4 4 s in whatever Direction CD, C E, C F, the Sur- Fig. 2. 
3 face A B may be puſhed, its Tendency will be al- 


B 2 VVV 


MP: | preſſion of the whole or perpendicular Force of the 
Wind againſt the Sail, and if AP be the Sine of 

the Angle of the Incidence of the Direction of the 

Wind againſt the ſame Sail; then ſhall A Q be 
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ways along the Line C G, Which is Pepe 
cular to A B. 


10. The relative Magnitudes of the Strokes of * 


Fluid againſt ſeveral Surfaces, as of the Wind upon 
ſeveral Plane-Sails may be expreſſed by Lines: If 


for Example, the Line A B be taken for the Ex- 


the Expreſſion of the relative Force of the Wind. 
for (by Art. 3.) the Magnitude of the Per. 
pendicular Impulſe upon the Sail A B, is to 


the Magnitude of the oblique Impulſe, as the 
Square of the Radius, is to the Square 
the Sine of the Angle of Incidence, or as 
AB is to A. But becauſe of the ſimilar Triangle "I 
AB P, AP Q; it will be * AB, AP, AQaad 5 
AB: A Q:: AB AP wherefore, Cc. 


11. If ſeveral plane Surfaces differently ſituated, 


1 making invariable Angles with each other, do at , 
the ſame time receive the Impulſe of a Fluid; eve- 
ry Surface will have its particular Tendency, or 


will be diſpoſed to move in a different Direction. 


| But we can always by the Theory of Compound 
| Motions, find a middle Tendency equally parting 

the Efforts of each, and by that Means reduce the 

Sum of the Impreſſions or Efforts made upon all 

the different Surfaces to one Surface only, which is 

; perpendicular to the Line of the middle or mean 
25 Tendency, and this we call the Mean Line of che 

moving Force. 


12. 


te WorKING of SHIPS. 
12. But a Curve Surface may be always conſi- 
dered as made up of an infinite Number of ſmall | 
plane Surfaces, and every one of theſe ſmall Planes 
has its particular Tendency, or endeavours to 
move in a different Direction; conſequently a a 
Curve Surface has an infinite Number of different 
Tendencies, amongſt which there is a mean Ten- 
dency, which we call the Line of the mean Ten- 
dency. So that it follows from hence that when 
one wants to find the mean Tendency, along which 
a Curve Surface is puſhed by a Fluid, that Surface 
is to be looked upon as a Plane, upon which (by 
Art, g.) the Line of the mean Tendency, muſt al- 
ways be perpendicular. Hence, firſt we may con- 
ſider Sails as Plane Surfaces; and ſecondly, reduce 
the faid particular mean Tendency of ſeveral Sails 
to one mean Tendency only, equally parting the _ 
_ Efforts or Impreſſions of the Wind made on diffe- f 
rent Sides upon different Sails. 
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SECT. 1 


of the Motion of a Ship and 4 chief 
en Pw rhe 774 I a ber. 


/ mag S rats of the e of a a Ship r may 
be made eaſy, let E M be the Keel of 
: £700 a Ship, M the Frow, H the Poop, 
A the Line of the Direction that the 
8 Wind Blows i in, which we always call the Courſe _ 
of the Wind, or Line of the Wind, and CD the _ 
Plane or Flat Sail, to which we ſuppoſe all the reſt 
are reduced (by Art. 11 and 12), and the perpen- 
dicular B G to this Sail, will be the Line of the 
moving Force. 
13. When a Ship at Reſt is ſet in Motion by 
the Action of the Wind upon the Sails, her Velo- 
city or Way will enereaſe by little and little, until 
the Action of the Water upon her Prow and Body, _ 
becomes equal to that of the Wind upon the Sails, 
and ſince Action is directly contrary and equal to 
Reaction, the Direction in which ſhe is drove back 
by the Water which ſhe meets, muſt be | E 
the ſame as the Line of the moving Force, and 
this] is the chief Point of the whole Theory of the 1 
Workin g 3 $ 


Fig. 3. 
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Working of a Ship, that is, the mean Reſiſtance 
of the Water againſt the Ship muſt be equal and 
directly oppoſite to the mean Force of the Wind 


upon the Sails, whereby the Axes of Equilibrium 


of the Reſiſtance of the Water, and the Force of 


the Wind directly correſponds in a right Line. 

14. But alcho' a Veſſel be ſtruck in the Direction 
of the moving Force B G, yet nevertheleſs ſhe 
cannot move and ſhape her Courſe along that ſame 


Direction, but when B G parts each way equally 
the Efforts of the Water upon the Veſſel, and this 
can never happen but when the Line of the moving. 

Force is parallel to the Keel, or the Ship Sails be- 
fore the Wind. The Figure of all Veſſels being 


ſuch, as to be divided always into two Parts, equal 
and ſimilar by the Keel. | 
16. In order for a Ship always to ſhape her 


Courſe in the Line of the moving Force B G, her 


Figure ought to be ſuch, that the Line of the moy- 


ing Force may every where find an equal Re- 


ſiſtance as ſne cuts the Water; but this is only pe: 


culiar to a Cylindrick or ſpherical Figure. 


16. If the Reſiſtance that a Ship finds in cutting 


1 the Water with her Head or Prow M, were infi- 
nitely ſmall with reſpect to her Reſiſtance in cut- 


ting the Water with her Side; ſne would make 


Þ her Faw always in the Direction of the Keel 


4 Ry But that Reſiſtance which the Ship ſuffers 


1 7 by cutting the Water with her Head, being nei- 


ther nothing, nor infinitely ſmall with reſpect to 


the Reſiſtance ſuffered by cutting the Water with | 


B 4 1 her 
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her Side, the Ship puſhed in the Direction BG 
muſt run along a Line BL, tying between BGand 
BM. 
18. The common Practice of Navigaton is to 
direct and ſet the Keel in the Line along which 
they would have the Ship ſhould move, or ſhape 
her Courſe; and this they do by carrying the Prow 
or Head of the Ship always in that Line by means 
of the Helm. But the greater the Angle M B G 
made by the Keel, and the Line of the moving 
Force is, the more does the Line B L of the Ships 
Courſe, deviate from the Keel, or from the Line 
in which the Ship would run, whereby the 
Angle MB L becomes fo much the greater, That 
Angle i Is called the Angle of the Drift or Lee 
way . = 
19. tn all Caſes of fling. the Angle A BM 
of the Line of the Wind A B, and the Keel BM, 
or the Courſe to be ſteered, is given or known al- 


ways. Now the principal thing in the working of | 


a Ship is firſt to know for every Angle A B M, 
the poſition of the Sail C D and from thence de- 


termine the Direction of the mean Line of the _ 
moving Force B G. Secondly from the Angle 
B G, to find the Line B L of the Ships Courſe, 


and then the Lee-way Angle MB L: after which 

all the reſt of the Angles will be known; that is, 

: the Angle A B D of the Winds Courſe and the 7 
: Sails = 


— — * —_ R 


wm. 


ing Courſe ſhe really runs, being meaſured by the Angle formed 
by thisreal Courſe, and that ſhe ought to Steer, or by we An: 
gle which har Wake makes with the Keel. 


Bo 2 Dri or 8 + a Bhs, is the 2 or 7 =_ 
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Sails. The Angle DBM of the Sails and the 
| Keel. The Angle AB L of the Line of the Wind, 
and that in which the Ship runs; and if neceſſary; 
the Angle AB G of the Line of the Wind and the 5 
L ine of the moving Force. The Angle DB Lo- 
the Sails, and the Ships Courſe, and laſtly the An- 
gile LBG of the Ships Courſe, and that of the 
moving Force, 
20. When the Angle A BM of the Line of the 
Wind, and the Keel is equal to two right Angles 
or thereabouts, we ſay that the Ship runs before 
the Wind. If that ſame Angle be a right Angle, 
ne runs with the Wind upon the Beam. If it be 
obtuſe, ſhe goes large, and if acute, goes upon a 
Wind. There are alſo ſome other Diſtinctions to 
make hereafter, which we ſhall explain 1 in the uſe of 
our Tables. 5 
21. If there be four Ships regreſetind oy the 
Numbers 1, 2, 3, and 4, and thro? the firſt a Line Fig. 4. 
B BR SB be drawn perpendicular to the Line of the 
Wind AB, the Ships 1 and 2 will be each equally 
to Windward, the third Ship will be to Windward 
of the firſt by the Diſtance B R, and the fourth to 
Leeward of the firſt by the Length B S: ſo that 
the Ship 3 will be more to Windward than the = 
reſt. 
22. When the 1 of the Wind' 8 Courſe, Fig + 
and the Ship's true Courſe is a right Angle; the 
3 NZ Ship always is ſaid to keep her Wind. When that 
3 Angle is acute, ſhe goes upon the Wind, or gets 
ks the Wind; and when it is obtule, ſhe falls 
ge Leeward, or runs from the Wind. So if we 


ſuppoſe 
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ſoppoſe in the four Ships that the Courſe be ac. 
_ cording to the Direction of the Keel, the fourth 
Ship will keep her Wind, becauſe the Angle ABM 


is a right Angle; the firſt will get to Wind-. 


ward, ſince the Angle AB M is acute; and the ſe. 
cond and third will run or fall to the Leeward, 
decauſe that ſame Angle is obtuſe. 


23. Amongſt all the Angles AB M, which 
may be taken in failing upon a Wind, or to Wind- 


ward, there is always one of more Advantage than 


the reſt; for it is cvident that the nearer the Ship 


keeps upto the Wind, the Angle A BM is the more 
acute; but going bey. ond a certain Point, if that 


Angle were to be made more acute, or the Wind 0 
kept up to ſtill nearer, a very conſiderable Diſad- 


vantage would follow, chiefly for theſe two Rea. 
ſons. Firſt, the Sail BD being between the Line . 
the Wind, and the Kcel, or in the Angle AB M, 5 
the Angle ABD becomes too acute, and the 
Action of the Wind upon the Sail but very ſmall, © 
the Strokes being (by the Art.) as the Squares of 
the Sines of the Angles of Incidence, which muſt 
very much leſſen the Ships way. Secondly the 
more acute the Angle D B M of the Sail and 
Keel is, the nearer does the Angle MB G of the 
Keel and the Line of the moving Force approach 1 5 
to a right Angle, one of them being always the 
Complement of the other. Now it is evident that £ 
the nearer the Angle MB G approaches to a right 48 
Angle, the more is the Ship drove fideways: which 2 
my increaſe her Lee-way, or the Angle MB IL, 


to ſuch a Degree as to cauſe her to fall off, and &-1 
loſe 
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7 Boſe more by the Lee-way, than can be obtained 
by leſſening the Angle ABM. 

24. Hence ſince the more the Angle AB Mis 
leſſen'd, the more that of the Lee-way MB L is 
"Ap Increaſed ; it follows, that there muſt be a Point of 
Equality between the Diminution of the one, and 

the Augmentation of the other: That is, if the 
former de leſſened one Degree at that Point, the 
ſecond will be increaſed one Degree, which ought 

to be well obſerved for this is that which deter- 
mines the ſmalleſt Angle which the Ship s Courſe 
1 ought to make with that of the Wind. 


25. Of all the Directions that can be given to 


| © the Keel, with reſpect to the Courſe or Line of the 


"EI .4 


-——. CC w 


— * * 


Wind, when a Ship looſes Wind or runs to Leeward, 
it is evident the moſt advantageous is that being 
the ſame with the Line of the Wind; the Angle 
AB M being equal to two right Angles, and the 
Ship then running directly before the Wind. 
hut altho' it be really true that the Sails of the 
hindmoſt Maſts of Ships with ſeveral Maſts, 
1 Z failing directly before the Wind, do hinder the 
Wind from falling upon the Sails of the fore. 
moſt Maſts, which is the reaſon that a fide Wind 
is more advantageous than a direct Wind; be- 
caauſe the former fills all the Sails: Yet that Ob- 
© jection is not at all contrary to the Principles and 
2 Rules of the working of a Ship. For in this Caſe 
we ought to have regard only to thoſe Sails ex- 
2X poſed to the Action of the Wind, and conſider 
that when the Ship fails directly before the Wind 
ö 1 the motive Force driving the Ship forwards is leſs 


than 


11 


1 
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dan that ariſing from a Se wink becauſe ſhe 


carries leſs Sails. 


26. The Angke A BM, or "the Direction of the 


Keel with reſpect to the Line of the Wind, being 
known or given; I ſay, the Poſition of the Sal 
C) is not then to be taken at pleaſure, but from 
that ſome Angle AB D, or DBM may be ob. 
tained, being the moſt advantageous poſſible for _ 
the Ship's Way; for the ſmaller the Angle MBs 
is, the more does. the. Direction of the moving 
Force approach to that of the Keel. Now the 
Ship makes ſo much the greater Way, the nearer 
the Line of the moving Force approaches to the 
Point of the leaſt Reſiſtance ariſing, by the cutting 
the Water, or according to the Direction of her 
Keel But when the Angle MBG is lefſened, _ 
the Angle DBA is leſſened too, becauſe the An- f 
ge DB G 5 always a right Angle, and by leſſen- 
ing the Angle DBA, Sho motive Force, os Ac- _ 
tion of the Wind upon the Sail, is leſſened ; be- 
cauſe the Sine of the Angle of Incidence is leſſened. _ 
There is therefore a middle Point, whereat the 
Angle ABD of the Wind's S with the Sail 
is of the greateſt Advantage for the Ship's Motion. 
And this we ſhall hew how to find, in the Cafe 
of a Ship ſhaping her Courſe upon or near the 
Wind; the other Caſe, when ſhe Sails large, = 
following of courſe. And fo I now proceed to the 
Inveſtigation of theſe Angles of the greateſt Ad. 
vantage, firſt ſuppoſing, with Mr. Huygens and 1 1 
Bernoulli, the Lee-way to be nothing, or the Re- 4 
fiſtance the r ſuffers by cutting the Water with 
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| her Head, to be nothing, or infinitely ſmall, with 
reſpect to her Reſiſtance ariſing from cutting the 

Water with her Side. And this I ſhall do much 

aſter the ſame manner as I have laid down in the 


A Memoirs of the Academy for the Year 1727. 
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of the moſt . Situati ons of the 
Keel, and the Sail of a Ship, both when ſhe © 


Jails upon or near the M. ind, and r runs . from 
te . ind, or Large. 
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N order to find the beſt Sinton: of 
the Sail C D, when the Line of the 1 
W Ship's Courſe or Keel is in the Di- 
- rection BK F, (Fig. 6, & 7.) it is 
ceidone, firſt, that AB being the Line of the 
Wind, the Ship in Fig. 6. will fail upon or near 
the Wind, and that of Fig. 7. will fail large. 
Secondly, that if the Diſtance BE be taken for 
the Radius, E P will be the Sine of the Angle of 
the Incidence of the Wind upon the Sail. Third- 


. . 1 * * 7 1 2 
1 - = 
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ly, that having drawn B G perpendicular to the 0 


Sail, and G K perpendicular to the Direction BF, 
if BG expreſſes the Effort wherewith the Ship is 
: puſhed 1 in the Direction B G of the Line of the 
moving Force, B K will expreſs the lateral Force, 
whereby ſhe is puſhed in the Direction B F of the 


Courſe, or Keel: ſo that of all the Angles ABD, 1 Z 


the beſt is that which gives the greateſt latera! 
Force, expreſſed by B K. The . they is 1 


N 
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| brought to this, viz. to determine the Value of 
BK, and then find the Maximum thereof by the 
Method of Fluxions. To do which, having de- 

i beribed the Quadrant of a Circle T B S; about the 
Point E, with the Diſtance E B, as a Radius, 
draw E N parallel to B F, to which draw BV 
perp endicular, as alſo EQ: alſo draw N M per- 
pendicular to the Line S E F, the e 

to the Line of the Wind. 

„ 238. Let the Radius B E be called a, the Sine of , 

Incidence PE, x, and ME, MN (which are 

given) 4, and c, reſpectively: then (by Art. g.) 

the perpendicular Impulſe of the Wind upon the 

Sail, is to its oblique Impulſe as EB or ES* is to 

k- 4: xx :: 4 . So that when E repre- 

ſents the whole perpendicular Impulſe of the Wind 

upon the Sails, — — willbethat ofthe oblique Force, 


or the Value of B G. Now becauſe of the ſimilar Trian- 
. NME, BP F, it will be NM (c) : ME 


r 00% 2 BP ( ) PF (= — 
Therefore i in the Caſe of Fig. 6. when the Ship 


1 goes upon the Wind, E. F is = £ —— 
, "2b in the Caſe * Fig. 7: when the goes Large, : 


— EF will be = : Mae. But the ſimilar 
C . EM N, EQ, give E N (a): NM 
E F (2 He in both Caſes) : E 2 


2 


CCC 


3 1 : 2 = . Moreover becauſe of the fi- 
1 9 Mar Triangles B * V, or BE Q and BGK, it 
= 2 will 


Courſe in both Caſes, VIZ, 


= made by the Line of the Wind and Sails, and 
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will be EB (a): E Q (= e 1 


B * 1 D =): BK= ug — 1 being 5 


43 


the Value of the lateral F orce, parallel to the Ship ; = 


ex aa—ax—cx),; 


5 the firſt Caſe, and e, Ie the 11 "04 


„ | 
ter; the Maximum of: which muſt be found. 


- wherefore in the firſt Caſe, taking the F luxion of 


2 x 2b aa *— ri: 
= Veen, which is — | oh ——5 


4 H . 


Po making it equal to nothing, we ſhall obtain _ 
this Equation 2aab — 3bxx — 3e Va = =0, 


which being freed from Surds, and aa put for 


8b cc, and the whole divided by 2 4, will be 1 
brought down to this wy 2 Hs = 75 40 65. 2 
1 the ſecond Caſe, if we take the F luxion of ß 


— Tae Tes, and work as before; we 


az 


ſnall obtain the ſame Equation as in the firſt 3 
94. 


Therefore this Equation contains he Mar- 7 


mum of thoſe two Caſes; and indeed theſe two Roots 


* > 44 ＋ 8 bb = LV" ab — T” aa 5 + 55 


are both affirmative real ones, viz, xy =4 45 + 1 


= 5 — 4 LV; OS 1 ® cabs += - 55 for the fins. f 


* =. 
45 Incidence of the moſt 8 Angle 3 
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of #+he WoR KING of SHIPS 

Ts conſequently that of the Sails and Keel, when the 

12 Ship runs upon a Wind, or to windward, and 

x xx e=Laah 4 I SOOT — 1 9 2 2 anbb+ be, for | 


Woe 0 - 
me Sine of Fg 1 of the beſt Angle when 


| the Ship ſalls „ 
30. Becauſe the Angle AB F or ABQ, is 
always equal to the Angle MN E, whoſe Sine is 
ME=35: therefore to find out or compute the 
* moſt advantageous Angle of the Sails, and the 
Line of the Wind, that of the Keel and this Line 
being of any number of Degrees, whoſe Sine found 
in the Tables ſhall be the Value of &; we muſt 
put the Value of b and its Powers, as alfo the Va- 
„lues of the Radius a, or Sine total, and its Powers, 
into the Expreſſionxx=4 aa + + bb, &c. and then 
we ſhall have the Value of xx; and the ſquare 
Root thereof, will be the Sine of the Incidence of 
_ b E | the beſt Angle of the Sails and Line of the Wind. 
If for Example, the Angle of the Line of the 
e 8 Wind, and the Keel be 55 Degrees for the firſt 
ſt = Caſe, and 12 5 for the ſecond. In both Caſes we 
_ 7 ſhall have @ = 100000, and 5 = 81915; and 
putting the Powers of theſe Values into the Ex- 
ts preſſions of the Roots of both Caſes, and com- 
% pleating the Computation, which is much longer 
7 difficult to do, in the firſt Caſe we ſhall get 
an Angle of 35 Degrees and 25 Minutes for that 
« | of the Line of the Wind and Sal Is, Which being 


A > taken away from 55 Degrees, and the Remainder 
ng | 3 19 Degrees 35 Minutes will be the beſt Angle of 
n- | be Sails and Keel ; ; and in the lecond Cale the 


£ 5 Angle 


* 


The ELEMENTS of 


Angle of the Line of the Wind and Keel will * 
be found to be 70 Degrees and 26 Minutes, and the 


beſt Angle of the Sails and Keel 34 Degrees and 34 Mi. 


nutes. And after this manner is it that we have com. 
puted our third Table for Angles of every 3 Degrees 
made by the Line of the Wind and the Rhumb Line, 


or Ship's Courſe, both when ſhe goes upona Wind, | 


and goes large, which is ſufficient for the Practice. 


31. I might have gone further, to the finding 


the beſt Angle made by the Keel and Line of the 
Wind, when the poſition of the Sail or Angle it 
makes with the Keel, is given: but ſince by help 


of our Tables, when one 'of theſe Angles 1s given 


the other is immediately found, I ſhall not ſtay tb 
— this; Brevity being my Deſign. e . 
32. If the Direction of the Keel be perpendicu : 
lar to the Line of the Wind, the Ship will then 
receive the Wind equally, or goes with the Win! 
upon the Beam, and then will B F be parallel _ 
E. F, the Points N and M falling upon 8, and =. 
So that to obtain in this Caſe the beſt ſituation 0 
the Sails, we muſt put à for h in the Equatio _ 
"Ax = I a + 3 bb =+ a - aa bb + 5 -þ 4, and ; 2 
then will xx be = 2 a9, and * =a VE; for th 


Sine of the Angle of Incidence A BD. 


33. To find the beſt Direction of the Keel fe; 


the Ship to go upon the Wind, in the moſt ſimp: 


- Caſe, viz. when the Plane of the Sails is parallel tv 
the Keel, or the Angle E B Qvaniſhes or becoms 7 
nothing. The whole Magnitude B G of the 3 
Winds impulſe upon the Sail B Q (for ſuppoſe fn 
a Moment B Q to coincide with B D) being d.. 

vided into two lateral Fe orces B K, K G, it evi 3 
deni * 


A 
N 


. bl 
-» "= 
79 


> the WorkxInG of SHIPS, 
* dently appears that the Ship can only go in the 


2 Direction B QF, when plying to Windward, with 
the lateral Force BK; for the lateral Force K G 1s 
- 1 pony oppoſite to it. Therefore, in this Caſe, the 
I Inclination of the Sail, or the Direction of the Keel 
„BF. muſt be the ſame as that of the Sail in the 
bl, Article aforegoing, viz. the Sine A B F muſt be 
e. 2 or 54 deg. 44 min. 

8 34. Now leaving the Keel in the ſaid moſt ad- 
he vantageous Situation for plying to Windward, if 
un that of the Sail be at the ſame time wanted for get- 
) ting the two moſt advantageous Situations both of 
en the Keel and Sail, when the Ship plies to Wind- 
ww Ward, it caſily appears that here b is V; and 
. ſo we need but Put Maa for b in the Equation 
33 
ind — 

103 and chen will x be = Te e a, or & 
4 = 4 iv - FRA 1 + NT 7 4 But it Is evident that 
im it is the leaſt Root x "TT Tas, Which the Sine 


1 of the moſt advantageous Angle made by the Line 
the of the Wind and the Sail; becauſe that ſame An- 

\ gle muſt be always lefs than that of the Line of the 
1 Wind, and the Keel, and on the contrary, the 
py greater Root x Va will give an Angle greater. 
el to. Never theleſs this greater Root is not uſeleſs; for it 
me 1 is the Sine of the moſt advantageous Angle of the 
„ 22 Sail, and the Line of the Wind, when theShips runs 
0 for hege; the Sine of the Line of the Wind and the Direc- 


g Ot I tion of che Keel being * 1 —=— | 


20 
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SRET. Tv. 


| 07 the Situations of the Sail with regard to 


the different Courſes and Lee-ways of Ships, © 
when the Planes of the horizontal Sections 
oY _—_ Hulls are right lined Polygons. 

S*22 FT the Profil of the Body of a Ship 
be repreſented by Fig. the 8th, and 


— =} ſuppoſe B M HE to be the Part 
38 9988 immer ged in the Water; then is 


thi Part terminated by the Water Line B E, call'd 
the Hull. Now it is evident that this Hull may 
be looked upon as made up of an infinite Number 
of Planes or thin horizontal Slices, lying one upon 
another, whoſe Circuits, will be the ſame with 
| thoſe of the Ships planking anſwerable to each | 
Slice: we ſhall therefore in this Section take every L 
Slice for a right lined Polygon, which we ſhall _ 
eſteem as the Figure of the Ship itſelf. Theſe Po- 
iygons altho' irregular, will have each of their 
_ Halves perfectly equal and ſimilar, ſeparated by a _ 
Line equally dividing the Ship into two Parts from 
the Prow to the Poop. For Example, let the Po- 


ygon M II Q g. Fig. 12. be an horizontal Section 


Fig. 9. 


or Slice of the Ship, the Line MH, which may be 
taken for the Keel, divides her 1 into two Parts 9m MN 
and alike. 1 


36. When a Plane Surface M R receives ob- 


liquely the Impulſe of a F Jud 1 in or Direct 1 
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N the WORKING of SHIPS. 
LP R. it is evident, firſt, that if MR be taken 
1 : for the Radius; M P will be the Sine of the Angle 
. of Incidence. Secondly, that (Ari. 9. ) the Direction 
" according to which the Surface is preſs'd by the 
Fluid, is always perpendicular to that Surface. 


Thirdly, that the Expreſſion of the Force by which 


the Surface is puſh'd by the Action of the Fluid 
in the Direction R I, perpendicular to the Surface, 
may be divided into two lateral Forces; the one 
in the Direction R K, perpendicular tothe Direction 
of the Fluid, and the other in the Direction RI, 
puarallel to the ſaid Direction. But (by Art. 10.) 
If MR expreſſes the Quantity of the Fluids per- 
pendicular Impulſe againſt the Surface; M Q will 
N be the Quantity, of the oblique Impulſe, according = 
| co the Angle of Incidence MRP. Therefore tak 
ing RI perpendicular to the Surface and equal to 
MQ; if this Force RI be divided into two other 
lateral ones RK, R 1 perpendicular and parallel 
to the Fluids Direction , RK will expreſs the per- 
pendicular, and R the parallel Effort. Then 
making M R a, and MP= x, P R will be = 
Va xx, and becauſe of the ſimilar Triangles i 
11 R P, M Qand R IK, we mall have M R 


XX 


(a) MP GH: MPG MO = RI 
and M R (a) : MP (9.4 M. Q or R 1 
3 ( =). K I or K 1 = ch the pa- 
" wy lateral Force. In like manuer M R (a): 


I R (v a=) £1 RI 62 =): RK = Xara 


aa. 


Pee the perpendicular lateral Force. T herefore for 
9 ol Fer Angle of Incidence we ſhall have the EXP! eſſions 


T1 of 


22 


Fig. 10. 


The ELEMENTS / 


of the three Forces, viz. A for that of the whole 


a 


Force; © that of the lateral parallel F orce 3 and 5 


aa 


k 4/ aa—xx for that of the perpendicular lateral 


aa 


Force. 55 
37. Hence, when ſeveral unequal Surfaces re- 


| ceive the Impulſe of a Fluid under equal Angles 
of Incidence, the Quantities of the lateral Impreſ- 
ſions perpendicular, and parallel to the Direction 
of the Fluid, are to each other in the ſingle Ra- 
tio of the Magnitude of thoſe Surfaces. 5 
38. And when the Angles of Incidence are un- 
equal, the parallel lateral Forces are to one ano- 
ther, in a Ratio compounded of the ſingle Ratio 
of the Surfaces, and the triplicate Ratio of the 
Sines of Incidence; and the perpendicular lateral 
Forces are to one another, in a Ratio compound 
ed of the ſingle Ratio of the Surfaces, the Dupli- | 
cate of the Sines of Incidence, and the ſingle Ra- A 
tio of the Sines of their Complements, _ OM 
39. Let there be two equal Surfaces, M RN, = 
M rn, making a conſtant Angle with one ano- 
ther, ſtruck by a Fluid in the Direction MIL, 
fo that the Angles of Incidence MRV, Min 
be equal: this being ſuppoſed, it is evident, firſt, 
that the whole Force RI of the Impulſe upon 
the Surface M RN is equal to the whole head 4 
ri of the Impulſe upon the Surface Mr: ſe- 
condly, the Parallel lateral Force R 1, is equal 0 
the parallel one r1 : and thirdly, the perpendicular 
lateral one R K, equal to the perpendicular lateral | 
one r k. But the two lateral perpendicular ones 


RK. 
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the WORKING of SHIPS, 
R K, r k, being directly oppoſite, do make an E- 


quilibrium, and mutually deſtroy one another; ſo 
that the two Surfaces are not puſhed in the Di- 
rection of the Fluid, but with the Sum of the two. 


parallel Efforts Rl, rl. 


40. If the Fluid meets two Surfaces under un- Fig. 11. 


equal Angles of Incidence, the whole Forces RI, 


T1, being reſolved into two lateral Forces R K, 


RI; rk, rl, perpendicular and parallel to the 
Direction of the Fluid BL; it is evident that the 


Sine of the Incidence M V being greater than the 


Sine of the Incidence Mu, the perpendicular la- 
teral one R K, muſt be greater than the correſ- 
pondent one r Kk; and conſequently, the two Sur- 
faces are puſhed in the Direction, parallel to that 
of the Fluid, with a Force expreſſed by the Exceſs 
of RK above rk, or by RK x k, during the 
Time that they are puſhed in the Direction of the 
Fluid, with a Force expreſſed by the Sum of the 
lateral parallel ones R |, rl; therefore to get the 
Direction and Effort compounded of the two late- 
ral Efforts, we muſt take upon L B (continued 
out) BF equal to RI rl, and the perpendicular 
BE equal to RK — r K: then will the Diagonal 
BO of the Parallelogram BF OF, be the Ex- 


preſſion of the compound Force, wherewith the 


two Surfaces are e puſhed by the Fluid | in the Di- 
rection GB O. 
441. All that we have ſaid a: with regard to 
the Force of a Fluid moving againſt the Surfaces 
NMRN, Mry, at reſt, is = irſelf applicable to 
the Reſiſtances ſulfercd by the lad Surlaces, Sc. 


Cc 4 when 


24 
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when cutting the Water, as they move on, in the 
Direction BL; fo that if the ſaid Surfaces repre- 
ſent the Prow or Fore-part of a Ship, in ſhape of 


a Rhombus, whoſe Keel is HM; BL. will be the 


Line of the Ship's Way, BG that of its moving 
Force, its Perpendicular D C, the Poſition of the 
Sail; and the Angle MB L, the Lee- Way Angle: 
all this is manifeſt (by Art. 9, 14, 17, Cc.) and 

may be moreover applied eaſily to Ships whoſe ho- 
rizontal Sections are Parallelograms. But it is much 
better to paſs on to conſider the Figures nearer ap- 

PO thoſe of ordinary Ships. 

To determine the Situation of the Sail 

5 regard to the Courſe and Lee-Way of Ships, 
Whoſe oriental Sections of the Hull, are 
right-lined Polygons, as MQ Hq, I conſider, | 

firſt, that (Art. 34.) the Keel H M does always 
divide the Ship, or the Polygon, into two Parts, 
equal and alike. That the Side MN = Mn, like- 
wiieNP=np, PQ=pq; and if through the | 
Points R, 8, T, and r, s, t, the Middles of each | 
Side, the Lines TY, S X, RV, and ru, sx, be | 


drawn parallel to the Direction of the Courſe BL, 


the Angles PTY, NSX, MRYV, and Mru, |} 
ns x, will be the Angles of Incidence of the Action 
of the Water upon each Side ; ſo that having (as 
in Art. 3. aforegoing) divided the whole F orce 
into two lateral ones, perpendicular and parallel to 
the Direction of the Courſe B L the Ship ſteers, 
and taken BF equal to the Sum of the parallel la- 
teral Forces upon all the Sides MN, NP, PQ, 
and M n, np, and then BE equa] to the Sum 1 
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the WORKING of SH1Ps. 
the perpendicular lateral ones upon the Sides MN, 
NP, PQ, leſs the Sum of the perpendicular la- 


teral ones upon the Sides Mn, np; the Diagonal 
Oz, ſhall be (as in the Article aforegoing) the 


Direction and Magnitude of the mean Force of 


the Water upon the Prow or Fore-part of the Ship, 
which muſt be equal to, and directly oppoſite to 
the Force of the Wind upon the Sail. And there- 


fore O B G will be the Line of the moving Force, 


and its Perpendieular D B C the Poſition of the Sail, 
or Yard, and MB L the Angle of the Lee-Way. 


43. If the Angle MB L be greater than the 


Angle B M N, it eaſily appears that there is but 
one half MNP Q of the Ship, upon which the 


Reſiſtance of the Water exerts its Effects and ſo 
having drawn the Lines NL. 9 X, TY, ru, sx, 


ty, through the Points R, 8, I. 1. 3, k, the Mid- 
dles of each Side, parallel to the Ship s Courſe 
BL; the Angles MRV, NSX,PTY, Mru, 


n s x, and rty, will be the Angles of Incidence, 


under which the Sides of the Polyacn do receive 
the Impulſe of the Water, and having divided the 
whole Force of the Action of the Water upon each 


Side into two lateral ones, perpendicular and pa- 
rallel to its Direction, or the Courſe BL, we take 
BF equal to the Sum of the parallel lateral Forces, 


and the perpendicular B E, equal to the Sum of the 
perpendicular lateral ones; for it is plain, that in 
this Caſe there is not one of the perpendicular Ef. 
forts oppoſite to each other, becauſe the Action of 
the Water will have 1 no Effect, but upon one half 
of che * 


44. 
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rallel . one, and —- 
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44. The Angles MNP, NPQ, made by the 


Sides of the Polygon, being known; to compute 


eaſily the Value of the Angle LB G, for every | 
Angle of the Lee-Way MB L, we have made 
the "Giſt Table of entire Forces, and lateral ones, 
perpendicular and parallel to the Direction of a 
Fluid, for every Angle of Incidence to every thir- 
ty Minutes; which is ſufficient enough for Practice. 
This Table has many other Uſes, which we ſhall 


not here explain, as being foreign to our Deſign, 
Its Conſtruction 1 is as follows: | 


1. We take Unity for the Magnitude of the 

Surface. 2. We ſuppoſe alſo the Velocity of the 
2 the Surface moved in the Fluid, to be 

1. 3. The perpendicular Impulſe of the Fluid 

8 vis the Surface 1, with the Velocity 1, to be 

20000. all theſe for Reaſons hereafter explained, 9 
Now having found (by Art. 36.) when à is the 
Radius, and x the Sine of the Angle of Incidence, 

that if a expreſſes the whole Perpendicular Im- 


pulſe, = ill be the e Impulſe; — the pa- 


perpendicular lateral one: 1 than. to obtain the pa- * f 
rallel and perpendicular lateral Forces, the Magni- | 
_ tude of the whole Impulſe, PO to the Sur- 


E 


face, being 20000, we ſay, as 4 77 : 20000 : 2 


x3 N 20000. 


18 Which will be equal to the yank la- 
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the WORKING of SRHIISõ. 
perpendicular lateral one. If the Angle of Inci- 
dence, for Example, be 15 Degrees, and the Com- 


putation be made by the Logarithms ; we ſhall 
= havex=941300. Wherefore xx = 1882600, and 


* N 20000 =' 2312703, by adding the Loga- 
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Logarithm 


* N 20000 


3 Ladd the Logarithm of x, and after- 


: rithm of 20000, which is 430103; and finally 
if from the Logarithm of »x x 20000, which is 
2312703, the Logarithm of aa, the ſquare of 
the Radius, which is 2000000, be taken away; 
we ſhall have the Logarithm of XX £00082 


— 


4 4 


312703 3 to which the Number 1340 anſwers in 

the Tables: ſo that this Number is the Value of 
the Magnitude of the whole Impulſe, when the 
Angle of Incidence is 15 Degrees. To obtain the 


of = 2 3 X 20000 


wards tithe away the Logarithm of 2 from the 


Sum; and then we ſhall have the Logarichm of 


I X 20000 * | 
LA — =2 54603; the Number anſwering to 


23 


which is 346, being the Value of the lateral pa- 
raulel Force. Laſtly, to obtain the Logarithm of 
5 * aa Nac to the W "of 


| _ 20000 


— 1 add the Le of 94, aa—xx (be- 


ing © a Co-ſine) which is 998494, and from the 
Sum ſubtract the Logarithm of a; then will the Re- 


mainder be the Logarithm of * Nesse i 


NE 


= 3 11 197, whoſe correſpondent Number 1294, is 


2 the 
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the Value of the perpendicular lateral Force. And © 


after this manner we conſtruct our firſt Table. 


45. We ſhall now apply the Manner of uſing | 
the Tables, in the following Example. Having . 
drawn the Line MVX, Sc. perpendicular to 
the Line BL of the Ship's Way, and continued 


out the Line MN to e, NP to f, and Mn to g; 


have the Angle PT I of 6 Degrees. The Angle 


having ſubtracted the Angle Sng = 159; there 

will remain the Angle ef Incidence n 8 x, upon the | 2 

Side np, of 9 Degrees. Thus, having found al! 

the Angles of Incidence for every Side, we e aſſume = 
8 


Mru may be found by taking the Angle BMr |} 
= zoo from the Angle B Mu g 969, and the 
Remainder will give the Angle r Mu of 669%, | * 
whoſe Complement is the Angle of Incidence Mru ? 4 

of 249, equal to the Angle M $5 om which © 


p : e ; 3 
( =. III I 
„ ee 13 


if the Angle NMB be 30 Degrees, the Angles 
MNP, NPQ, Mn p, Sc. each 165 Degrees, 
and the Angle MB L 6 Degrees; the Angle BMW 
will be 84 Degrees, and the Angle RMV 54 : 
Degrees. Conſequently the Angle of Incidence © 
 MRV 36 Degrees, cqual to the Angle Mex. 5 I 
But the Angle SNe, the Supplement of the An- ; . 
gle MNP, is 15 Degrees, which being taken 
from the Angle Ne X 36, and there will re- | 
main the Angle of Incidence Ne S upon the Side 
NP, 21 Degrees, equal to the Angle S f. be- 
cauſe of the Parallels S X, f V: and to obtain the | 
Angle of Incidence PT Y upon the Side P Q,- 
we ſubtract the Angle TPt of 15 Degrees 
from the Angle Pf of 21, and we ſhall 
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the WORKING of SHIPS, 


in the Table the Values of the lateral Forces, both 


parallel and perpendicular, and diſpoſe all after the 
e manner. 


Sides. 


— — — — ö 22 


MN 369 | 416 | 5590 
NP| 27 gar | 2398 


% 217 
[MNj| 24 1345 | 3023 


.. abs 


Now i it Is « pla (by art. 40. ) that kevin taken 


BF equal to the Sum of all the lateral Forces 


which are parallel, being here 6526, and BE = 


4699; the Difference between the Sum of the per- 
pendicular lateral Forces of the Sides MN, NP, 


PQ, and the Sum of the ſame perpendicular 
lateral Forces of the Sides M n, n p, will form the 
Parallelogram B E OF, whole Diagonal B O will 
give the Direction and Magnitude of the mean 
Force of the Water; and laſtly, to obtain the 


Angle LB G of the Rhumb-Line, and that of 
the moving Force, being equal to the Angle FBO. 
In the right-angled Triangle B F O, we ſay, as 
BF 6326 is to FO 4699, ſo is the Radius 100000, 
to the Tangent of The Angle FB O 72004. whoſe 
correſpondent Angle is 359 45. fo that the Angle 


* FRA Lateral paral- Lal perpen- : 
of Incidence.| lel Forces. dicular Forces. = 


30 
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MDG will be 419 45', and the Angle MBD . 


of the Sail and Keel 48 15, 
46. When the Figure of a Ship is ſuch as her 


horizontal Sections may be taken for right-lined 
Polygons, it is then after this Way we find the 
Situations of the Sail for every Angle of the Lee. 
Way, and make a Table, wherein, by knowing 
the Situation of the Sail, we may from thence ob- 


tain the Courſe and the Lee-Way, or contrariwiſe. 


4 A —_— 
ee a 


47. But though Ships are made of very diffe. 7 


rent Shapes, there are none whoſe horizontal Sec- 
tions are right-lined Figures. For Curves have | 
almoſt always been preferred, and that for two 
principal Reaſons. Firſt, the Strokes of Fluids up- 
on curve Surſaces are much leſs than upon plane f 
ones of the ſame Extenſion, as will be ſeen in the | 
following Section; and ſo by bending the Prow, Y 
and even all the Planking of Ships into Curves, | 
they ſuffer much leſs Reliftznce 1 in paſſing through | 
the Water, than if they conſiſted of plane Surfa- | 
ces; an Advantage which all thoſe who firſt built 
Ships found out by Experience, or, I may fay, by | 
the Light of Nature, which directs every Man to | 
judge of ſeveral mechanical Effects without com- 
puting them : and ſecondly, it is an Advantage, 
as we know by Geometry, that curve Surfaces take 
up more Space, « or have more Capacity chan Plane 
Ea 1 
48. Although the Tr of che Impulſe of a 
Fluid upon curve Lines be a part of Geometry, | 
applied to Mechanicks, the moſe profund and ab- 


ſtract; this W might be overcome, if the 
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rent in different Ships. 


Plane. 
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| Curves given to Ships were regular, geometrical, 
or mechanical : but ſince Shipwrights make Ships 


of ſuch Shapes and Curvatures as they themſelves 


think moſt convenient, without either the Know- 
ledge of the Nature or Properties of thoſe Curves, 
- which are almoſt always irregular, and ever diffe- 
And as thoſe Irregularities 
deprive us of a geometrical Exactneſs, yet we can 
ſo nearly obtain the Situations of the Sails, the 


Courſe, and Lee-Way, as not to cauſe any ſenſi- 


ble Difference in Practice; and that by inſcribing 
Polygons in thoſe Curves, or treating them as re- 
gular Curves nearly ſimilar to them. 


49. In Ships of the common F orm, we are to 


conceive two principal Curves, the one vertical, 
and the other horizontal. 
tained by ſuppoſing the Sides of the Ship to be 
cut by an upright Plane perpendicular to the Keel, 
and the latter, by ſuppoſing her cut by a horizontal 
From whence it follows, that the horizon- 
tal Sections of the Hull are unequal, and grow leſs 


The former will be ob- 


and leſs, the nearer they are to the Keel or Bottom 


of the Ship. For Example, let a gf K be the Fig. 8. 
Plane of the horizontal Section of a Ship, cut at 
the Height AF, blen, that of the horizontal 
Section at the Height B E, and cod p the hori- 
ꝛontal Section at the Height CD, Sc. now all 
| theſe Planes, or Slices, may be taken for Curves, 
or ſimilar F. igures, without any ſenſible Error, al- 
though they may be a ſmall Matter different: nor 
need any Regard be had to the Curve of the up- 
» right Section, perpendicular to the Keel. 


For firſt, 
A 
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to obtain the Courſe, the Lee-Way, and the 


Poſition of the Sails, there is no Occaſion to 


know the abſolute Magnitude of the Impulſe of 


the Water againſt the Prow and Body of the Ship, 


all the Sections are ſimilar, it is very manifeſt that 


the Relation between the Reſiſtances of the Water BE: 

made on both Sides the Rhumb-Line, will be the 
fame for all. And conſequently, the Tendency of | 

- the mean Reſiſtances of all the Sections will all be 


TY 
I 3-4 4 
DP 
"RE" 
1 
9 


Becauſe our Buſineſs is only to get the mean Di- * 
rection of the Reſiſtance of the Water. And ſince 


upon the ſame Line, and make but one and the | 


ſame Tendency, as if all the Sections were equal, 


and ſimilar, immediately placed upon one ano- 


ther. 
If we cannot ſuppoſe, without ſome ſenſible Ee. £1 
ror, the horizontal Sections of the Hull to be ſi- | 

milar Planes; then may we make Computations | 
of the ſame Tendencies for ſeveral Sections taken | 
at different Diſtances from the Keel; and then it 
will be eaſy to find the mean Tendencies between | 
all thoſe that have been found for the ſame Angle | 


of the Lee-Way at every Section. By which 


Means, we may approach as near as deſired to the 
exact Tendencies belonging to the different irre- 


gular Figures of Ships. And then may make 


a : Table of the Lee-Ways and Velocities of every | 1 
Ship; as ſhall be more largely explained hereafter: þ ; 


their Conſtruction will, indeed, appear trouble- 


| ſome ; but whatever this may be, it is s far ſhort of | 
their great Uſe. 


B 95 
; Ns KY 
oY 
- 7 bl 
f 3 
: AE 8 
. „ * = * 
. £ - ” 
- "4 
4 7 
: * 
y . 
. — 8 
5 


. . 4 


. 


* EPO Pr Q * 7 * * 9 * 8 - 8 
8 — * 4, 8 8 5 2 Os : - ft 
. : 1 ; g v7 3 g . D ps J | 2 > F 4 »k 25 9 
2 rs: Sr © 2 . ” 7 4. * * Ly 8 GN. 2 owt 8 2 5 N . 2 5 _ * ward * ny 3 3 5 3 - Wine 
4s "x N ” n EC ˙-¼-A EE 1 es R * 4 * 8 1 2 _ n 
Le Ee ͥͥ A ä 5 ö 


the WORKING of SHIPS. 
50. Although Mr. Bernoulli ſeems not to have 
any Regard to the Curvature of Ships, taken ac- 


| cording to their vertical Sections perpendicular to 
the Keel, there is all the Reaſon in the World to 
believe he tacitly ſuppoſed it, by taking all the ho- 

rizontal Sections for Planes, or fimilar Figures. 
But the Circuits of his Sections being not as we 
have ſuppoſed, regular Curves, they may be re- 
ferred to ſome regula; Curve, or even ſome Seg- 
ments of the ſame Curve ; we have referred them 
with Mr. Bernoulli, to Segments of Circles, which 
are taken of ſome Number of Degrees, more or 
| leſs, according to the Curvity of different Ships. 

Our Tables are calculated for Segments of 20 De- 

grees to 60 Degrees, running on for every 5 De- 
4 grees, to which the different Curv 11 of com- 
mon Veſſels correſpond. But if th 


be any Ship 
whoſe Curvature cannot be referred to any one of 


EK the Segments of a Circle from 20 Degrees to 660 
Degrees. In this Caſe a Polygon may be inſcribed 


in that Curve (as we have already mentioned) and 


then we may proceed according to the Way laid 

down in the 44th and 45th Articles; it being at 
the ſame Time evident, that the greater the Num- 
ber of the Sides of the Polygon is, the nearer ſhall 


we come to the true Determination; and thus may 


we approach as near as neceſſary. 


V 


Fig 14. 
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SECT. v. 


07 the Reſiſtances and mean Nee i 


curve lined Figures, or the horizontal Sec- 


tions of curve Surfaces, moving in Ws ater, 
or 98 ather Fluid. 


| 20 


12 


EO 


I PRI. perpendicular to its Axis 


AB; or, which is the ſame thing, 


if that Curve, being at reſt, receives the Impulſe | 
of a Fluid in the Direction LR, and the Expreſ- 


ſion of the mean Force of the Water, or Fluid, 


51.8 E) war the Cirve AMC moves in 2 * 
1 5 Fluid, according to the Direction 9 


and the Line along which that Curve is diſpoſed 1 

to move, by the Preſſure of the Fluid, be required, 

we muſt firſt conſider the Curve as a Polygon of 
an infinite Number of ſmall Sides. Secondly, | 3 
find (by the goth Article) the Expreſſions of the 
lateral Forces, perpendicular and parallel to the 
Direction of the Fluid, upon one of the infinitelß 
ſmall Sides of the Curve, conſidering the ſame as 
finite. Thirdly, thoſe Expreſſions N be infinite 
ly ſmall Quantities, or che F luxions of the lateral | 
F orccs 3 
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to the 40th, 42d, and 43d Articles, 
equal to the lateral perpendicular Force, and B F 
equal to the parallel one; then will the Diagonal 


have P 


Force Ri 8 


: pendicular one R K = = 


| he the Fluent of © 
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the WORKING of SHIPS. 


Forces of the Fluid upon the whole Curve, ſo that 


their infinite Sums, or Fluxions, will be the Values 
of their lateral Forces, perpendicular and parallel to 
the Direction of the Fluid. Fourthly, according 
we take BE 


B O of the Rectangle B FO E, denote the Ten- 


dency and Magnitude of the mean Force of the 
Impulſe of a Fluid againſt the hole Curve 
AMC. 
1 5 l ne x the Once AP, x, PR, * 
and drawn QM infinitely near PR: MR will be 
an infinitely ſmall Part of the Curve, and we ſhall 
Q or Rm, or pM= #, Mm, or pR=3; 
the right Line MR = / 75743. 
ing found (by Art. 36.) by calling the Surface 
NMR, a, the Sine of the Angle of Incidence M P, : 
and its 5 . my , the lateral perpendi- 


; cular Force R K 


aa 


; inſtead of y, and * ,. inſtead of a: fo that 


"only ſubſtituting * J» and 9 7, for x, y, 


and a, and we ſhall have the lateral F orces of the 


Impulſe upon the ſmall Side M R, viz. the per- 


222. 


X a 5 
x3 


and the parallel 


KI, Rt 
one or = HEH 


4D 


. and the lateral parallel 3 


and we have here « * flea of x, 


| Therefore B E will 


1 and B F che Flueut 


GW. 
Un 


But now hav- Fig 13. 
& I" 


— — — "> 4" ER 
4 — —— 2 — 
D - 


— 


— 2 2 — 
—— — * 33 
7 Ry — — — — — —— 


The ELEMENTS of 


of ——, and the Diagonal BO of the Rectangle 


Fray 


E F, has been before obſerved, will denote the 
mean Magnitude and Tendency of the moving 
Force, whereby the Fluid ſtrikes the Curve AMC. 
But if the Curve moves in the Fluid at reſt, the 
fame Diagonal B O, will till expreſs the Magni- 


tude and Uirection of the mean Reſiſtance, or, to 
move the Curve in the Direction PR L, in order 
to overcome the Reſiſtance of the Medium; it 


muſt be drawn or puſhed forwards in the Direction 


of the Diagonal B O, with a Force expreſſed by 0 


e ſame Diagonal, 


53. But to obtain the Fluents or . of the 


lateral Forces BE, BF, the Nature of the Curve 


AMC mult be known, and then the Values of 


* and q in its Equation muſt be TE into the gene- 


ral Expreſſions B E F luent of — and B F 


ES? 


275 | 
= F luent of ZEL55 5 5 and the 8 afterwards 5 


found by the Rules laid down in the Doctrine of 
Fluents. 

1 the Curve AMC be a Cle whoſs 
Radius is a, the Equation of the Curve will be 
244 —xx = =5y, and having thrown this into 


| ax — && 
 Fluxions, | it will be 3 = === * and 55 
2 aa A 


44 Lhaſa niet 


24 & | 


Wy 1 — 
ch 2 
* 3 


Expreſſion and we : have Xx IE. IX — 20 xXx Þ xxx 
| 24 & | 


.— 
= 


| Then Putting the Value of 


the F luent of the parallel lateral 


alſo putting the Values of y and 3 7 into 


: and we hat have 
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x3 


. | bs 22 * = 1 og ly 
=_cexx = ————, the Fluent of Which, 
24X—XxXx oo ls | 1 | 


Xxx. x3 


diz. 7 — za, will be the Value of the lateral 


a 


| Impreſſion of the Fluid parallel to the Direction. 


* 
r 


the Fluxion of the perpendicular late KY Exered: 


| | a * - 
fion, and we hall have 6x5 a — 
n 
F X 3 | 2 | 
X 53 and 55 +55 = a4 5 There 
Mee 8 | | 2 A 5 
fore dividing 888 multipled by , a 
2 VV 2ax—XxX | 2 * — XX 


8 DN * NN 


. N e 


— — 


x 9 *. Laſtly, by multiplying 


10 the i and Denominator by 9 XxX, 
and afterwards dividing. it by 24X — xx, the 


———— r— — 


* Fluent of. this Fluxion will be 24X—XX3 = 


3 4 a 


r being the Value of ths 
E 


lateral perpendicular Force. Wherefore we ſhall 


En 
have BF: BE: C1 ; Fluent of - V 


"OS FI „ as 
5 Fluent af BE „ 2X Ie XV ara, 

1 K 5 0 3 342 

1 55 IH * be made = a, the Auen AM 2 will 
| 2 be a Quadrant, and B F will be = 2 44, and BE 
4, and the Diagonal BO = 4 /; will deter- 
[6 mine the Magnitude and Tendency of the mean 
= Reſiſtance of the Quadrant of a Circle, 
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56. If you deſire the Expreſſion of the Reſiſt- 

ance or Effort of the Fluid upon the Semicircle 

ACV, having made the Parallelogram E F for 

the Quadrant AC, and the Parallelogram e F for 

the Quadrant C V., 1 evidently appears (as in Art. 

309, 41, and 42.) that the perpendicular lateral 

* Forces do deſtroy each other, they being directly 

| equal and contrary, and ſo the Semicircle will be 

9 moved in the Direction of the Fluid L F, with a 

0 Force expreſſed by B K the Double of B F, equal 

to 4. We may likewiſe conſider that each Qua- 

drant of a Circle being moved with a Force ex- 

preſſed by B O, in the Directions B O, Bo, the 

| Diagonal B K of the Parallelogram BO Ko, 

th Win, according to the Laws of compound Forces, _ 

j be the Magnitude. and Direction of the Force 1 
wherewith the Semi-Circle i 15 determined to move 
by the Fluid. 


57. An Arch of a Circle being given in Pe. 
grecs, we may get numerical Expreſſions of the la- 
teral Forces, by taking the Radius @ equal to 
100000, and ſubſtituting the verſed Sine of the 
given Arch ſor x. For Example, if the Arch | 7 
AR be 30, the verſed Sine x will be = 19098, | 1 
and the Radius @a = 1100000 ; and putting theſe 
two Values of a and x, into the Expreſſions of the 


lateral Forces; and finiſhing the COIs, 5 = 
: | 5 a ; 8 
„ we ſhall have the parallel | lateral Fi orce — 2 
"Nt 98 2? 342 é 
„ = 3415, and the perpendicular lateral F orce 


| 22x —xXXV2ax—xx 


T7 Ee = 6738. We may ob 


. ſerve 


1 
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| the WORKING of SHIPS. 
ſerve that ſince V/2ax—xx=z is the right Sine of 


the Arch, the perpendicular lateral Force is equal 


to the Cube of the right Sine divided by three 


times the Square of the Radius. And after this 


Manner we have computed the ſecond Table of 


lateral Forces for every 30 Minutes of the Arches 
of a Quadrant. 


58. If the horizontal Sections of a Ship be made 


up 5 two circular Segments M A H, Ma I; to 
determine the Situation of the Sail, according to 
her different Courſes and Lee-Ways ; we firſt be- 
gin with the moſt ſimple Caſe, being that where 
che Lee-Way is nothing, or the Ships Courſe is in 
the Direction of the Keel. Now it appears plain- 
ly, chat in this Caſe the Keel BM equally ſepa- 
rates the Efforts of the Reſiſtance of the Water 
made upon both the Sides M A, M 2, of the Prow 


LY 7 5 


or Fore- part of the Ship; both theſe Sides being 
two circular Arches perfectly equal: ſo that the 


whole Reſiſtance, or Action of the Water up- 
on theſe two Arches, being equal, the lateral pa- 


rallel Forces, as well as the perpendicular ones, 


will be equal alſo. But (as in Art. 39.) the per- 
pendicular Forces being equal and contrary, do de- 
ſtroy one another ae therefore, in this Caſe, 
the Reſiſtance the Ship meets with in paſſing thro? 
the Water, will be expreſſed by the Sum of the 
later ral parallel Forces, and the Line B G of the 


moving Force, will coincide with that of the 


Courſe BL, and the Keel BM; the Sail DC 
will be perpendicular to the Keel and Courſe, and 
the Ship wil before the Wind. If the Parallels 


De „ AL, 
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AL, al, be drawn to the Courſe BL, the Space 
comprehended between theſe Parallels will ſhew 
the Breadth of the Water removed by the Motion 
of the Ship, or the naval Tract or Wake. 
59. The Relation between the Length MH 
of the common Chord of the equal Segments 
MAH, Ma H, and the Breadth A a, will eafily 
| ſhew the number of Degrees in the Arches MA, 
Ma, againſt which we take (in the ſecond Table) TS 
both the lateral parallel Reſiſtances; and the Sum ww 
will be the Reſiſtance the Ship ſuffers by cutting | 
the Water with her Stem. If, for Example, the 
Segments MAH, M2 II, be both 30 Degrees, 
the Arches M A, Ma, will be 15 Degrees,: but 
the Line Aa, which divides the Segments and 
; common Chord into two equal Parts, being con- 
tinued out both ways, paſſes through the Centres 
K and k of the Quadrants AMR, aM; ſo that : 
the Courſe BL is perpendicular to the Radii AK, 
4 K, and in the Table, over-againſt 15 Degrees 
you will find the lateral parallel Force to be 
114 tlie Double whercot 22905324, will be 
the Expreſſion of the mean Reſiſtance that the 
Ship finds in cutting the Water, or the Value of 
the Side BF of the Rectangle of the lateral Forces. 
Therefore, in this Caſe, the other Side BE or FO 
is equal to nothing, becauſe the lateral parallel - 
Forces do deſtroy one another by their Equality or 
Equilibrium; and ſo the Diagonal BO coincides 


with BF, and is equal to it. 
60. If the Ship's Courſe be not par ale to ) the Keel, 


or the Ship has a Lee-Way meaſured by the An- 
g 25 —8 


— — uote fi 
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the WORKING of SHIPS, 11 
gle MB L, then to find the Line of the moving 
Force B G, and conſequently the Situation of the 
Sail DC, we muſt draw MN, HI, through 
M and H parallel to the Courſe B L, and hav- 
1 ing biſſected the Arches MN, HI, in the Points 
As, and 9, through theſe we draw the Lines A K, 
ak, perpendicular to the Courſe BL; and both 
© theſe Perpendiculars will paſs through the Centres 
Ks and k, of the Quadrants AMR, & Mr, as 
being perpendicular to the Chords NI N, HI. 
Noa it is manifeſt, that tlie Action of the Reſiſtance 
of the Water is exerted only upon the Arches MA, 
Ma; the Lines Al, al, parallel to the Ship's Courſe, 
3 being Tangents at the Points A and a, ſo that all 
we have to do here, is firit, to find the Value of 
the Arches M A, M a. Secondly, inc ©: -preſ- - 
| fions of their lateral Reſiſtances, both perpendicu- 
lar and parallel, in the ſecond Table. And third- 
| ly, ſince, (as in Art. 42.) B F is equal to the Sum 
of the parallel lateral Forces, and B E equal to 
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the Difference between the per pendicular lateral ; 
FE Force upon the Arch MA, and the ſame upon 4 
the Arch Ma. For, as we have obſerved more _ 
than once already, that theſe Forces are di- = + =o 


rectly oppoſite, and mutually deſtroy cach other ; 
che Diagonal BO will give the Magnitude and 3 
Tendency of the mean Reſiſtance. So that BG | 
N : Will be the Line of the moving F orce, the per- . 0 
pendicular D C the Situation of the Sail, and the 

Space between the Parallels Al, a l, the Breadth 

of the Water of the Ship, or her Wake. 1 
Þ 61. 
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61. The Degrees in the Segment M AH, to- 
gether with the Ange MB L, being known, to 
a from thence the Value of the Arches M A, 


Ma, in the firſt place we may obſerve, that the | 

Angles MH I, H MN, are cqual to each other, 

and to the given Angle MBI, becauſe of the 
Parallels BL, HI, NM; but the Meaſures of 
theſe Angles are the half of the Arch MI, or 
NH: and conſequently, the Number of Degrees 
in each of theſe Arches is double that of the given 
Angle MB L. Therefore the Arches I A H. 
Ma N, are both known, as alſo their Halves, 
TA, Ma, and ſo the Arch MA. If, for Ex. 
ample, the Segments or Arches MAH, MH, 
be 40 Degrees, and the Angle of the Lee-Way 
MB L 5 Degrees; the Arches MI, HN, will 

be 10 Degrees, and the Arches IA H, Ma N, 
5 30 Degrees, and ſo the Arch MA is 25 Degrees, FT. 
and Ma 15 Degrees. Then we muſt get the Il 
teral Reſiſtances from the ſecond Table, and place : 
them as follow : | 


Parallel lateral = Perpendicula | 


„ | F Orces lateral Forees. = 
An Arch of 25%— -$50 886 — e 
An Arch of 15114886 ol 1892. 


After W B F muſt be Ss Ge 539 "2 


10009 


12, the Sum of the parallel lateral F orces, and BE 
= 1938? :332, the Difference of the perpendicular 
L ones. Laſtly, in the right-angled Triangle 
FBO, we tay, as FB = = 964,32, is to FO 14 


: „ 
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5 19 387823, fo is the Radius, to the Tangent of the 


3 5 Angle FB O, equal to the Angle LB G, which 


vill be found to be 630 32, and the Complement 
of this, or the Angle LB D of the Sail and the 


9 Courſe will be 262 28“. Conſequently, the Angle 
MB Dof the Keel and Sail will be 2 19 28; 


62. It is evident, as the Angle MB L increaſes, 


the Arches MN, HI, do decreaſe, and when the 
ſame is meaſured by an Arch equal to one half the 
Segment MAH, the Lines HI, MN, are Tan- 
gents at the Points H, M. For the Angles MHI, 
5 II MN, can have only the Halves of the Arches 
1 MAH, or MaH, for their Meaſure, when the 
F Lines HI, M N, are Tangents to thoſe Arches. | 
Hence it is manifeſt, that then the Water acts by 
its Reſiſtance only upon the Side M A H; and 
cConſequently, to obtain the Magnitude and Ten- 
deency of the mean Reſiſtance i in this Caſe, we muſt : 
aaſſume BF equal to the parallel lateral Meaſure of 
the Force made by the Reſiſtance of the Water 
] upon the Arch HM, and BE equal to the per- 
3 | pendicular lateral one: then will BO give the 
1 I n and Magnitude of the Mean an 
and in the right-angled Triangle OFB, the Angle 
l ; OB F vill be found equal to the Angle LB G, whoſe 
= | Complement will be equal to the Angle of the Sail, 
and the Line of the Ship's Way, Sc. If, for 
Example, the Arch MH be 40 Degrees, and the 
Angle MBL 20 Degrees, the parallel lateral 
Force upon that Arch will be 5046, and the per- 
pendicular one 88525; and thence the Angle 
RP F 5 0 will be found 6⁰ Deg. 19 Min. conſequent- 
3 ty : 


17 * 
eh. 
1 + 


Fig. 19. 
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Iy the Angle LBD of the Sail, and the Ship's 


Courſe is 29? 4. , and the Angle MB D, of * 


Keel and Sail 99 41. 


arp 


63. If the Angle MB L be greater than one halt 


of the Arch MH, or, which amounts to the ſame 
thing, if the Meaſure of that Angle be a greater 


Number of Degrees than one half the Segment 


M H, then, Hom the Centre K of the Segment, 7 


KA muſt be drawn perpendicular, and K R pa- 

rallel to the Line B L of the Ship's Way, and the 
Quadrant AH MR, muſt be compleated. Then | 
it is evident in this Caſe, as well as the laſt, that | 
the Reſiſtance of the Water falls only upon the Side q 


M: fo that to obtain the lateral Reſiſtances up. 


on this Arch, we muſt take thoſe of the whole 


Arch A M from the Table, and from them thoſe 


aſſumed equal to the parallel lateral Fo orce, and 


BE equal to the perpendicular lateral one, and 
then we muſt work as before. 


64. The Arch M, and the Angle MBI, 


5 being given, to find the Arch AH, we muſt draw 
SHG parallel to BL, or perpendicular to the Ra- 
ddius K A: this done, it is evident the Arch S A, 
is equal to the Arch AG; but the Angle MH], 
or MBL, has for its Meaſure one half of the 
Arch H M, plus one half of the Arch HS, 
or the Arch AH: and fo to obtain the Degrecs 


5 in the Arch A H, we muſt ſubtract the Degrees 


in half the Arch M, from the Value of the 


Angle 


of the Arch A H muſt be ſubtracted, and the | | 
Remainders will be the lateral Reſiſtances of the! 
Arch HM, after which, as above, BF muſt be 
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Angle MB L, and what remains will give the Va- 


jue of the Arch A H. For Example, if the Seg- 
ment MH be go Degrees, and the Angle of the 
| Lee-Way MBL be 20 Degrees. Taking 15 from 
20. and the Arch AH will be 5 Degrovs | ; and 
OY conſequently, the Arch AM will be 35 Degrees: 
and in the fecond Table I take the lateral Reliſt- 
* ances upon the Arches of 35 and 5 5 Degrees | 


- which may be thus ſet down: 


i An Arch of 59 


Parallel lateral Perpendicular 


. ones. 
An Arch of 3 50. — z— -=—6290 1%. 
. 


Then, if the lateral Reſiftances o the Arch of 
Degrees be taken from thoſe of 33%, by reject- 


ing hs F ractions, we ſhall have the parallel late- 
nal one upon the Arch HM 2073, for the Side 


B F, and the perpendicular one 6268 for the Side 


BE; from whence at length we find the Angle 
FBO LBG to be 63 Deg. 53 Min. ao its 
; Complement LB D 26 Deg. 7 Min. the Angle 

MB G 83 Deg. 53 Min. and the Angle MB D 

of the Sail and the Keel 6 Deg. 7 Min. This is 

L Mr. Bernoulli's firſt Example, in his Treatiſe of 

the working of Ships, whoſe Calculation is  infi- 

4 nitely longer. 


65. If the Angle M B 1. of the rs * Fig. 20. 


5 far encreaſes, as to cauſe the Point of the Prow M 


to fall e che Quadrant, or the Point R, this 


YL i P Cale: 


* * * 
A by 2 
* . 

1 
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Caſe may be caſily reſolved, if we conſider that 


the Angle M BL of the Lee-way is meaſured by 


one half of the Arch of the Segment H M, plus 


the Arch H A : therefore taking away one half of 


the Arch of the Segment from the Angle of the 
Lee-Way, and the Value of the Arch A H will 
be had, and alſo that of the Arches A HM, and 
MS. Then, from the lateral Reſiſtances upon the 
whole Quadrant A R, we take that of the Arch 

AH, to obtain thoſe of the Arch H R, and from 


the lateral ones upon the ſame Quadrant, or the 


Quadrant SR, we ſubtract thoſe of the Arch SM, 2 
to get thoſe of the Arch MR; and the Sum of | 
the paralle! lateral Forces upon the Arches RH, 
"RM ſhall be the Value of BF, and the Diffe- 
' rence between the perpendicular lateral ones of tile 
fame Arches, will be that of BE; for the reſt We 


proceed as in the Articles aforegoing. 


66. F nally, if the Angle of the Lee-Way be a 


2 right Angle, in which Caſe the Sail will be paral- 
a tet to the Keel, the Line of the moving Force will | 
be, as in the firſt Caſe, the ſame as that of the 
Ship's Way, and the Side BE of the Parallelo- Þ 

gram of the lateral Expreſſions will be equal to 
nothing; for in this Caſe BL divides the Segment 


M H equally at the Point I, which cauſes the per- 


pendicular lateral Forces upon the Arches MI, þ 
HI, to deſtroy one another: and ſo BF or BO, 


equal to the Sum of the lateral parallel Forces up- 
on the Arches MI, HI, ſhall be the Expreſſion 


of the Reſiſtance the Ship ſuffers in cutting the Þ 
Water with her Side, Bur the Arch HI being 


known, 
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known, the Arch II A is known too. There- 


fore to obtain the lateral paralle] Reſiſtance upon 


the Arch HI; from the lateral one upon the 
whole Quadrant A I, we muſt take away that of 
the Arch A H, and we ſhall have that of the Arch 
HI, which being doubled, will give that of the 


Arch HM, or the Value of BF. 

Of the ſix Caſes before-mentioned, the two firſt 
are the only ones that are uſeful in Practice; for, 
as we have obſerved before, (in Art. 23.) the 
nearer the Ship keeps up to the Wind, the more 
does the Angle of the Lee-Way increaſe ; fo that 


by trying to keep too near the Wind, ſhe will loſe 
by the Lee Way, which, as we have obſerved, 
may cauſe her to be in danger, and fall off. The 
bother Caſes, particularly the two laſt, do not take 
BK place, but when the Ship! is drove with her Broad- 
ſide foremoſt. 


68. By the firſt Cale we can n find the Exxeediion 


- 3 of the Reſiſtance the Ship finds in cutting the Wa- 


ter with her Stem, or Prow, and by the latter with 


| her Side. So that knowing to what Segment of a 
Circle the horizontal Se ions of a Ship may be Fig 8. 
referred; by thoſe Caſes may be found the Rela- 


tion between the Reſiſtances made by cutting the 
Water with her Stem and Side. If the ene 
be 20 Degrees, the Reſiſtance of the Side of the 
Ship will be 747 times greater than the Reſiſtance | 
of her Stem: if the Angle of the Prow be 2c 
Degrees, the Reſiſtance of her Side will be 380 
times greater than that of her Head; if 30 De- 
90s, 2203 3 5 Degrees, 1 38 times; 3 40 Degrees, 


9% 
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92 times; 45 Degrees, 64 times; 50 Degrees, 4 : 


46 times; 55 Degrees, 35 times; and 60 Degrees, | 


27 times. I have mentioned theſe Proportions of 


q Y 
3 $I 
N 


1 
x 
E &* | 
"A 


the Reſiſtances for Ships, which may be referred K. 


to Segments of every 3 Degrees, from 20 Degrees 


to Go Degrees, becauſe theſe are the fame for 


which I have made the Tables for che working of 


a Ship. 
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de to one another as VV XB O, is to vVX bo. 


of! the Relation 17 the Pelecities " a Ship, ac- 
cording to the different Courſes ſhe fleers, and 


the ſeveral Situations . the Sails and Line 
of the 4 ind. 


| 65 [ TR] AR OM the whole of what has been 


9 faid in the aforegoing Section, we 


may obſerve, that ſuppoſing a Ship 
moved in all her different Courſes 


EPS 


8 with the fame Velocity, the Diagonals B O will ex- 

= preſs, in this Caſe, the ſeveral different mean Re- 

7 ſiſtances of the Water: but if the Velocities in dif- 
ferent Courſes be different, the mean Reſiſtances 

a (by Art. 5.) will be in a Ratio compounded of that 

4 of the Diagonals B O, and the duplicate Ratio of 
; the Vebocities. Let B O and bo, be the Diag go- Fig. . 


nals, or the Expreſſions of the mean r of 


* two different Courſes; then it is manifeſt, that if 
| . the Velocities be the ſame in every Courſe, the 
mean Reſiſtances will be as BO, to bo. But * 


be the Velocity upon the firſt Courſe, and v 
That upon the ſecond; the mean Reſiſtances will 


FF 
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Now, if we ſuppoſe the Action of the Wind up- 


on the Sail, or the moving Force to be the ſame 


upon different Courſes, that Force being always 
equal to the mean Reſiſtance, we ſhall have VVV 
BO=vvXBo, and conſequently VV: vv: 


Bo; BO; which ſhews that the Squares of 5 


bh elocities of a Ship, in her different Courſes, are 


in the reciprocal Ratio of the Diagonals of the 155 Ge 


rallelogram of the lateral Reſiſtances. But 4 v: 


the däbauplieate bibel Ratio of thoſe U 

nals. But it is manifeſt that the greateſt Velocity 
of the Shi; p is when her Courſe coincides with the 
Keel, or the Lee-Way is nothing ; and in this 


Caſe the Diagonal B O, is a Minimum. 


69. Hence, it we take a Number, as 1000, for 1 
the Expreſſion of the greateſt Velocity, or the Ve- F 
loctty 1 in the firſt Caſe ; we may find the Veloci- | 
ties in all the other Directions by this Analogy, s 
the ſquare Root of the Diagonal B O, for a given 
Direction, is to the ſquare Root of the Diagonal Þ 
of the ſtrait Direction, or that of the firſt Caſe ; Þ * 


ſo is the Velocity 1000, to the Velocity of the 
given Direction. So that we muſt add the Loga- 
rithm of 1000 to the Logarithm of the ſquare 
Root of the leaſt Diagonal, and from that conſtant 
Sum, ſubtract the Logarithm of the ſquare Roots 
of every Diagonal, and the Remainders will be 
the Logarithms of the Velocities proportionable 
to the greateſt 1000. For Example, if you deſire 


the Velocity of a Ship, whoſe horizontal Sections? 


may be referred to Segments of 30 Degrees; 7 
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| leaſt Diagonal, or leaſt Reſiſtance will be 230. 
The Logarithm of which is 236170, the half of 


which is 118085, for the Logarithm of the ſquare 


Root, to which adding the Logarithm of 1000, 
> which is 300000, and the conſtant Sum 41808 5 
will ſerve for all Caſes, If the Angle of the Lee- 
Way be 3 Degrees, from the Calculation in the 
right-angled Triangle BF O, we ſhall find the 
 Logarithm of the Diagonal BO to be 286992, 
the half of which 143496, the Logarithm of the 
{quare Root, being ſubtracted from 418085, and the 
Remainder 274589 will be the Logarithm of the 
Velocity, which will be found 557. If we take 
the greateſt Diagonal, or the Expreſſion of the 
| Reſiſtance of the Ship with which ſhe cuts the 
Water with her Side, being 50608, whoſe Loga- | 
_ rithm is 470422 3 and one half Fic 235211, the 
Logarithm of the ſquare Root, being ſubtracted 
from 418085, the Remainder 182874, will be 
the Logarithm of 67, the Velocity with which the 
Ship would cut the Water with her Side, when 


drove by a Wind with the ſame Force that pro- 


duces the Velocity 1000 to the ſame Ship, when 

cutting the Water with her Stem. And after this 
ſort it is that we have conſtructed our Tables of the 
Velocities of Ships for every different Situation of 

WH the Sail, Courſe, and Lee-Way, 


70. The Proportions between the differentVelo- 


cities of a Ship, which we have here ſhewn how 


to find, will be always the ſame, whether the Ac- 


tion or Force of the Wind againſt the Sails en- 
1 creaſes or leſſens; provided the Encreaſe or De- 
E 2 885 ereaſe 
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creaſe in either Caſe be equal. Now there are two 


principal Cauſes that produce the ſaid Increaſe or 
Decreaſe. Firſt, the different Angles of Incidence 
of the Wind upon the Sails; and ſecondly, the 
different Forces and Velocities of the Wind. But 
ſince the mean Reſiſtance of the Water is always 
equal to the Wind's Force upon the Sails, or the | 
moving Force; the Diagonal B O, the Expreſ- | © 
ſion of the mean Reſiſtance, muſt increaſe or leſ- 
| ſen by the ſame Quantity, whereby the moving 
Force, or that of the Wind upon the Sails in- 
creaſes or decreaſes, Therefore if whilſt a Ship is 


continuing upon the ſame Courſe, and the Sails al- 


ways keep in the ſame Situation to the Keel, we 
ſuppoſe the Wind to change, or blow upon ſome | 
other Point of the Compaſs, or, which is the ſame | 
thing, the Sine of the Wind's Incidence upon the | 
Sails. to increaſe or diminiſh : then the mean Re- 
ſiſtance, or the Diagonal B O, will alter in Mag- 
nitude, but not Poſition. Let S be the firſt Sins 
of the Wind's Incidence upon the Sails, and s the 
ſecond. BO the firſt Diagonal, and Bo, the {ſe 
cond, and V the Ship's firſt Velocity, and v af 
ſecond. Now becauſe the Strokes are as the Squares 
= bal the Sines of Incidence, it will be as BO: wy 


88285, and BO: VBo: I-08 . v: 


vio: vVBo. WhereforeV:v::S:s, And 0 
ve ſee that the Velocities of the Ship i in | this Caſe Þ 
are directly as the Sines of the Angles of Incidence 1 
; of the Wind upon the Sails 1 
51. If at the Time a Ship keeps in the ſame 2 
28 court, preſerving the ſame Situation of the Sails Þ 
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as well with reſpect to the Keel as the Line of the 
Wind, the Wind blows ſtronger or weaker 
and it be required to find the various reſpective 


velocities of the Wind upon the Sails, with ſome 


Exactneſs. In this Caſe the Velocities of the Ship 
are to one another in the ſame Ratio as the Velo- 
cities of the Wind: for (by Art. 2.) the Efforts of 


the Wind upon the Sails, being as the Squares of 
the Velocities, and the mean Nen of the 
Water being always equal to the Efforts of the 


Wind, or the moving Force; the Diagonal B O, 


keeping the ſame Situation, will encreaſe or dimi- 


niſh in the Ratio of the Squares of the Velocities 


of the Wind. Let X, be a firſt Velocity of the 


Wind, and x a ſecond : B O, the firſt Diagonal, 


and Bo the ſecond. Then it will be as XX :xx_ 
::BO: Bo, and X : X::vVBO: V Bo. Where- 
foreV:v::X:x Which ſhews that in this 
Caſe the Velocities of the Ship are in the fame Ra- 
tio with the Velocities of the Wind. 


72. From the three aforegoing Principles of the 
Velocities of a Ship, it follows, that when ſhe 


2 ſhapes her Courſe under different Angles of the 


Sails and Keel, and under different Angles of In- 


4 cidence of the Wind upon the Sails; thoſe Velo- 
cities will be to one another in a Ratio compound- 
2 ed of the ſybduplicate reciprocal Ratio of the mean 
2 Reſiſtances, or the Diagonals B O, and of the ſin- 
1 gle Ratio of the Sines of the Angles of Incidence. 


73. But if the Ship ſhapes her Courſe under dif. 


4 Wa Angles of the Keel and Sail, with different 
2 Velocities of the Wind. whilſt the Angle of Inci- 


. CE _ dence 
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dence of the Wind upon the Sails remains the 


ſame ; the different Velocities of the Ship, will be 


to one another in a Ratio compounded of the fuþ- P 
duplicate reciprocal Ratio of the Diagonals, and | 


the ſingle Ratio of the Velocitics. 


74. The Angle of the Sails and Keel remaining 


the ſame, if the Sine of the Wind's Incidence up- 


on the Sails varies ; the Velocities of the Ship will | 
be to one another in a Ratio compounded of the 
ſingle Ratio of the Sines of Incidence, and of the 


ſingle Ratio of the Velocities of the Wind. 


75. Laſtly, if a Ship ſhapes her Courſe under 
various Angles of the Sails and Keel, various An- 
gles of Incidence of the Wind upon the Sails, and 

various Velocities of the Wind : the Velocities of 

the Veſſel ſhall be to ene another in a Ratio com- | 
| pounded of the \bduplicate reciprocal Ratio of the 
Diagonals, of the ſingle Ratio of the Sines of In- 
- cidence, and the ſingle Ratio of the Velocities of | 
the Wind. The Principles and Rules concerning 
the different Velocities of Ships here laid down are 
founded upon the Suppoſition that the Swiftnels 
of the Wind is infinitely greater than that of the | 
Ship, or that the Way ſhe falls to Lee-ward has 
vo Compariſon to the Rapidity of the Wind. 


Whereas to obtain an accurate Determination of 


the Velocities, regard ſhould be had to the Way | 7 
ſhe falls off from the Wind, or goes to Lee — 
ward, and the Winds reſpective Velocity againſt 
the Sails only taken, that is, the Exceſs of the ve- 
locity of the Wind above that wherewith the Ship | 7 
i falls to Lee-ward. Now the Ship falls from the 2 


Wind, 
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Wind, when, as we have already obſerved, the 


Angle of the Ship's Courſe, and the Line of the 


Wind is obtuſe. But if this Conſideration were to 


be taken in, the Calculation would thereby become 


much more complex, and at the ſame Time no 
ſenſible Degree of Exactneſs for the Practice would 


be obtained therefrom. For firſt, it eaſily appears 


(by Fig. 3.) that the Velocity of the Ship, is to 
the Way ſhe falls to Leeward, as the Radius, is 


to the Sine Complement of the Angle L. BA ot 


her Courſe, and that of the Wind's; and conſc- 


quently, that Angle is ſo much the leſs, as the An- 
gle LBA approaches to a right Angle, the Caſe 
wherein our Determinations are perfectly exact. 
Secondly, to obtain the reſpective Velocities of 


the Wind upon the Sails of a Ship which runs from 


the Wind, or falls to Lee-ward upan two different 
Courſes, we need only take Notice of the Diffe- 
"rence of the Velocity upon the ſecond Courſe. But 

it is manifeſt the ſaid Difference mult be very ſmall 
with regard to the abſolute Velocity of the Wind. 

: Finally, it is very probable, the Chevalier Renard, 
and Mr. Huygens, took no Notice of this Conlide- 
ration, as thinking the ſame to cauſe no ſenſible | 


Difference in the Practice. Nor has Mr. Bet oui 


done any thing about it. 


76. Since a Ship often carries more or leſs Sail, 


to increaſe or diminiſh her Way; it being very, 
plain the more Sails ſhe bears, the more 1s her 


Way increaſed ; and contrariwiſe, the more one 


reefes the Sails, or, which is the ſame thing, the 
. fewer Sails the carries, the more is her Way leſ- 


E4 3 ſened. i 
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ſened. It is therefore neceſſary to determine ac- 
cording to what Ratio her Way increaſes or de- 
creaſes, when the different Magnitudes of the 
Sails are known, and this is eaſy to be done. For 
if S be the Surfaces of the Sails ſpread at one 
Time, and s the Surfaces of the Sails at another, 
the Velocities of the Wind, and the Angles of the 
Wind's Incidence upon the Sails, being ſuppoſed 
the ſame in both Caſes; it is manifeſt that the ' 
Forces of the Action of the Wind upon the Sails, 
will be proportional to the Surfaces of the Sails; ſo | 
that if F expreſſes the Force of the Wind upon the | 
Sails in the firſt Caſe, and f that in the ſecond, it 
will be F: f:: S: s. But the Reſiſtances or the 
Force of the Action of the Water upon the Prow 
of the Ship being always equal to the Force of the 
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Wind upon the Sails, and ſince the Forces of the 5 ä 


Water, are always as the Squares of the Velocities 
of the ſame Ship: if the Ship s Velocity in the 
firſt Caſe be called V. and in the ſecond v, we 
ſhall have F:f::VV:vv::S:s. Wherefore 
V: v:: 8: Vs, which ſhews that the Veloci- 


ties (or Ways Run) of a Ship, are in the ſubdu. 


: plicate Ratio of the Surfaces of the Sails, or as the 
8 Fuare Roots of thoſe Surfaces, 


> Wherefore if the Surfaces of the Sails, Fo = 
the reſpective Velocities of the Wind upon the i 
ſame Sails be different, che Ship's Velocities, or 


Diſtances run, will be in a Ratio compounded of 


the ſubduplicate Ratio of the Surfaces of the Sails, 


and the ſingle Ratio of the reſpective Velocities of 
the Wind. 
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5 the WORKING of SHIPS. — 
1 . or the ſame Reaſons, if the Surfaces of _ 
the Sails, the reſpective Velocities of the Wind, 
and the Angles of the Wind's Incidence upon the 
Sails be different; the Ways made by the Ship in 
tt:is Caſe, will be in a Ratio compounded of the 
ſubduplicate Ratio of the ſaid Surfaces, the ſingle 
Ratio of the reſpective Velocities of the Wind, 
and the ſingle Ratio of the Sines of the Incidence 
of the Wind upon the Sails. 
579. Finally, if beſides theſe three Irregularities, 5 
5 the Angles of the Sails and Keel be alſo different, 
the Ship's Diſtances run, will here, be in a Ratio 
compounded of the ſubduplicate Ratio of the Sur- 
faces of the Sails, the ſingle Ratio of the reſpec- 
tive Velocities of the W ind, the ſingle Ratio of 
b 1 the Sines of the Wind's Incidence upon the Sails, 
and the ſubduplicate reciprocal Ratio of the Dia- 
| * gonals BO. All this is evident from what has 
F L been faid in the aforegoing Articles. It likewiſe 
: appears that all we have ſaid here of the Veloci- 
© ries of the ſame Ship, 1s applicable to the Ratios 
— the Ways run of two or more Ships. 
; . We have hitherto conſidered the Surfaces 
lor Sale, as Planes, although at the ſame time 
every Sail filled by the Wind, is bent into a Curve, 
Which Curve muſt needs produce ſome Alteration 
in the Direction of the Line of the moving Force; 
Wor, as is obſerved in the Preface, we have a verß 
Reaſy Way of reducing the Alteration cauſed by the 
: J urvity of Sails, to an Alteration of plane Sails 
3 A | il This Method, found out by Mr. Bernoulli, 
= - Wy fortunate, by reaſon of its Simplicity. We 
1 ſhall 
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Fig. 28. 


to find out the Angle that the Sail, as CBD, 
makes with the Keel, which muſt be looked upon 

as the Angle that the true Sail makes with the 

Keel, or that which we ought to find. 


And amongſt ſeveral Ways I have thought upon 
For this Purpoſe, the moſt ſimple for Practice, in 


my Opinion, is this which follows. Take the“ 
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ſhall only lay down the Reſult thereof, referring 


thoſe who have a Mind to ſee its Demonſtration. 
to the Fifteenth Chapter of his Book. 


Let CD be a Yard, or the Plane of a flat 
Sail; its Perpendicular B G, will be the Line of 
the moving Force. But when the Wind comes to 
ſtrike this Sail in any Direction, as AB, and the 
Sail being flexible, it will become a Curve CGD. 


Now to find the Alteration that Curve cauſes in the 


Direction of the moving Force, we muſt, accord. 
ing to the Demonſtration of Mr. Bernoulli, draw 
mechanically, either by Gueſs, or with two Rulers, 
or two Threads, the 'Tangents CF or DF, to 
the Curve CG D, cutting one another in the Point 
F; and then the Line BF will be that of the 
moving Force. So that the Curvity of the Sail 
will change the Direction of the moving Force by 
the Quantity of the Angle FBG; and the Per- 
pendiculat CBD to BF, will be the Poſition of 
a plane Sail, producing the fame Effect with that 
of the curved one CGD. 
81. Becauſe in the Uſe of our Tables the Angle 
made by a flat Sail, or the Yard CD, with the 
Keel, is ſuppoſed to be known in Degrees; there 


ought to be for Practice fome ſimple eaſy Method 


Quan- 


1 
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Quantities of the Angles FCD, FDC, with a 

| Bevel, or otherwiſe, and make this Proportion. As 
the Sum of twice the Sine of the Angle FCP, 
and the Sine of the Angle CF D, is to their Pif. 


ference; ſo is the Tangent of one half of the 


Complement of the Angle F DC to a Semicir- 
cle, to the Tangent of an Angle, which being 


added to one half of the ſame Complement to a 


Semicircle, will give the Angle DBF, whoſe 
| Complement will be the Angle FB G, or DBd. 


In order to demonſtrate this Rule, 1 call 8 8 


2.4, the Sine of the Angle CFD, 8, and the Sine 
of the Angle FCD, s. This being ſuppoſed, 
we ſhall have by Trigonometry, S: 24: 310 


+ 2as 
= 


BD, a, and DF, 5 5 will be known, together 
with the included Angle B DF: and therefore we 


„ and in the Triangle BD F, the Sides f 


form this Analogy, as the Sum of the two Sides 
a+ _ „is to their Difference * 8. — a, ſo is 
the Tangent of one half the Sum of the unknown 


Angles, or of the Complement of the Angle BDF 
to a Semicircle, which I call 7, to the Tangent of 
one half the Difference of thoſe unknown Angles. 


Which being added to one half the Sum of the un- 


known Angles; will give the Angle DBF, which 


was to be found. Therefore we muſt fay, as a T 
245 285 


3 = — 2. or 25 * 25 — 8: 


. 


ITXS= the Tangent of one half of the Ditfe 


rence, Which was to be demonſtrated. EO 
Ex- 
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| For Example. 
If the Angle FDC be 60 Degrees, and the 
Angle FCD 50 Degrees; then will CFD be 0 
N Degrees, and we ſhall have s = 76604, 28 = 
N 1353208, S = 93969. Therefore 28—S = 59239, 
| and 2s ＋ S = 212447, We ſhall alſo find the 
3 Tangent 12 2 1 and working the Propor- 


tion, it will be 5 8 = 48296, being the Tan- 


gent of 25 Degrees 46 Minutes, which being add- 

ed to 60 Degrees, will give the Angle DBF 8; 
Deg. 46 Min. So that the Angle D Bd will be 
in this Caſe 4 Degrees 14 Minutes. 
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the WORKING of SHIPS, 


"JECT. vil. 
oY the Theory FA the Rudder. 


ſteer, and the other turns her a- 


B bout, and To her upon that Courſe. b he for- 
mauer is cauſed by the Action of the Wind upon the 
| Sails, and the latter by that of the Water upon 
the Rudder. The latter being almoſt as neceſſary 


as the former. If a Ship had no Rudder, or tlie 


Rudder could not govern her, how could ſhe rea- 
dily turn about and ſteer her Courſe, and alter it 
according to Neceſſity? She would every Moment 
be then expoſed to great Danger, if ſhe could not 
tack about to avoid Sands and Shoals, and eſcape 
the Enemy, eſpecially 1 in a Sea-Fight? It is a great 

Fault when a Ship is not governed by, or does 
not ſufficiently feel her Rudder, which to avoid, 
Shipwrights ought to take the greateſt Care. As 
the Bigneſs of the Rudder is but ſmall in compa- 
riſon to > that of its 5 che Effect thereof has 
_ Aways E 


IE Ship is navigated chiefly by two 
I Motions; one cauſes her to deſcribe 
Foal Wo and ſhape the Courſe ſhe is to 
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always appeared wonderful, even to the ancient 


Philoſophers themſelves, many of whom have in 
vain ſought to explain the Mechaniſm thereof, for 


want of knowing the Laws of the Impulſe of 


Fluds. 


82. The Force of the Rudder depends upon 
two principal Cauſes. The firſt is, the Force of 


the Man ſuddenly puſhing the Helm, to turn the 
Ship to the Right or Left, or (as they ſay) Star- 


board or Larboard. And the ſecond, the Force 
of the Action of the Water, meeting the Rudder 


with a Velocity equal to that of the Ship's Way; 
this ſecond Cauſe being much more conſiderable 
than the firſt, And although the Chevalier Re. 
naud, Mr. Huygens, and Bernoulli, ſeem to have 
looked upon the firſt as nothing, in compariſon of 
the ſecond, yet we ſhall explain them both. 
84. In order to account caſily for the firſt Cauſe, 
let us ſuppoſe the Ship HM, at reſt as in a Calm, 

and the Rudder H N to be firſt parallel with, or 

having the ſame Direction as the Keel, and after- 

wards a Man at the Helm puſhes the Tiller from 


HQ to Hq, and conſequently the Rudder to 


H n, after the Reſiſtance of the Water is over- 
come. Now that Reſiſtance which the Force of the 


Man applied to the End of the "Tiller Q, endea- 


vours to puſh the Poop of the Ship into the Di- 
rection H K, and conſequently to turn her about. 
For let us for a Moment ſuppoſe the Reſiſtance of 


the Water to be infinite, fo as that the Point R 


being the Middle of the Rudder, may be looked 
upon as fixed: then the Man's Force applied to 


Q, 
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the WORKING nr. 
2. will have the whole Length RQ, for the 


Arm of a Lever, and by puſhing the End of the 
Tiller from Q to q, will conſequently puſh the 
Point II towards the Point K. But during the 
Time that the Man does thus puſh the End of the 
Tiller from Q to q, he likewiſe with his Feet 
puſhes the Poop, or the Point H, with an equal 


Force the contrary Way, or towards the Point I: 


fo that you ſee there are two Forces equal, and di- 
rectly oppoſite, applied the one at Q and the o- 


63 


ther at H. But the firſt acts by the Arm of the 


Lever R Q, and the ſecond by the Arm RH of 
the Lever, and fo the former will overcome the 
ſecond in the Ratio of RQ to RH. Conſequent- 
ly the Point H, or the Poop of the Ship, will be 
puſhed towards the Point K: which muſt neceſſarily 
cauſe the Direction of the Keel ¶ M to alter. 


85. Now, I tay, the Reſiſtance or Force of the 


Water re- united at the Middle R of the Rudder, : 
not being infinite, the Ship's Poop will be always i 
puſhed in the Direction R G, or rg, perpendi- 
cular to the Rudder, with a Force equal to that 
of the Reſiſtance of the Water againſt the Rud- 
der. For let F be equal to the ſaid Force of the 
Water at the Point R, HQ m, and HR . 
Then ſince the Rudder may turn freely about the 
Point H, it is evident the Man's Force applied at 


Q, 1s always proportional to the Force J. or if we 


fay, men: ＋ , , this fourth Term . is al- 


# Ways equal to * Man- 8 Force * in puſh- 


ing the End Q of the Tiller; for if the Man ſhould 


puſh 
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puſh ſtronger, he would turn the Rudder O 
about ſwifeter, and conſequently increaſe the Force 


. wherefore the Tiller QHR, or q Hr, i; 


puſhed at the ſame Time in the perpendicular Di. 


rection R G, or rg with two F orces, f, and 


4 ; the one at R, or r, the other at Q, or q. 


But whilſt the Man puſhes the End Q of the Til 


ler, he likewiſe puſhes the Poop with his Feet, 


and conſequently the Point H, with a Force di. 
rectly oppoſite and equal. That is, at the fame 


Time the Tiller QHR is puſhed with a Force 


8 equal to f + x SKY drawn away to the Point 


H, with a Force equal to - 2 fo that there only 1 


remains the Force f, by which the Poop is puſhed 
in a Direction perpendicular to the Rudder. It 
_ evidently appears, that the Ship will turn ſo much 


the ſwifter about as the Force applied at Q 1; 


greater. For the Force F will increaſe according a | 
the Tiller is turned more ſwiftly about. 
This firſt Cauſe takes place, whether the Ship | 
155 makes any Way or not; but the ſecond does not, 
unleſs the Ship makes ſome Way. 
86. In order to explain eaſily the Mechaniſim of | 
the ſecond Cauſe, in the firſt Place it may be ol 
ſerved, that when the Rudder lies parallel to the | ? 
Ship's Courſe, or makes an Angle equal to two | » 
right Angles with the Line the Ship moves along, 
in this Caſe there is no Impreſſion at all received ; 4 
by the Rudder from the Water; and conſequently | 4 
ſo long as the Ship remains in this Situation, ſhe | 

pu- 
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purſues the ſame Courſe. But when the Courſe | 
BL, or Bl, parallel to it, makes the Angle Fig. 23. 
IRH with the Rudder, the Surface HN of the 
Rudder, receives the Stroke of the Water with 
a Velocity equal to that of the Ship's Way, under 
the Angle of Incidence I RH. But having (ac- 
cording to Art. 36.) reſolved the whole Force of 
the Water's Impreſſion, repreſented by R G, in- 
to the two lateral ones RK, K G, perpendicular 
and parallel to the Direction RI, or BL of the 
Courſe, it then evidently appears that the perpen- 
dicular lateral Force exerts itſelf by puſhing the 
| Poop of the Ship into the Direction R K, per- 
pendicular to the Ship's Courſe, and making her 

turn at the ſame Time as the parallel lateral F orce 
| KG leſſens and retards her Way; as being direct- 
* contrary to it. From whence we may obſerve, 
that a Ship will turn about ſo much the ſwifter, as as 
the lateral F orce RK is greater. But it is manifeſt, 
the ſaid Force may increaſe for two Reaſons. Firſt, 
| 4 from the Velocity of the Ship, or, which is the 
? | © fame thing, the Velocity of the Water upon the 
5 5 Rudder. "Aud ſecondly, from the Angle of Inci- 
2 : dence IRH. But during the Time that we are 
turning the Ship, or altering her Courſe, her ve- 
: 3 ny may be looked upon as equable ; therefore 
to turn the Ship about in the ſhorteſt Time poſſi- 
ble, the Sine of the Angle of Incidence Il RH muſt. 
be found, ſo as the greateſt perpendicular lateral 
Force R K, may reſult therefrom ; and that An- 


Je will give the moſt advantageous Situation of ; 
yoke Rudder. 
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66 The ELEMENTS f 
87. Therefore to find the Sine of the Incidence 
_ affording the greateſt lateral Force R K, aſſume 
(as in Art. 36.) HR for the Radius, and then 
RR HP will be the Sine of the Incidence, make HR 
| j = a, HP=x, and RP will be = V aa—xx, 
1 Then (as in Art. 36.) the Value of = perpendi- | 
* cular lateral Force RK will be = ** / aa—xx | 


4 Which muſt be a Maximum. Therefore making | 
its Fluxion equal to o, and we ſhall haye | 


| 2xx a - x3. ; 
| DV = ==0. From whence z 
|| aa 5 ee | 1 
1 g Ve | 
F we obtain 2 7 424 —xx = — „ by multi. 

Fee 0 


* plying all by aa, and dividing by «+. And laſtly, | 
if both Sides of this Equation be multiplied by | 
: Va Ns ſhall have 2Xag—xx = xx} 
and ſo 2 44 x, and 2 aa = xx, And there. 
fore the Sine of the moſt advantageous Ange 
of Incidence of the Rudder and Courſe, will be 
vVZaa,; the correſpondent Arch of which is 34 

' Deg. 44 Min. This beſt Situation of the Rudder | 


| bdbeieing the very ſame as that found out by the Ch | 
5 valier Reneaud, Mr. Huygens, Bernoulli, and Guinit, 
FR about which we have ſpoke in The Memoires of th | © 
= | Royal Academy, for the Year 1727, page 59. Buff 
0 we muſt obſerve that though all theſe Gentlemen] 
['\ ſuppoſed the Ship to be exempt from, or really | 
"i have no Lee-Way, yet we have had Regard ther-] 
yl to; becauſe our taking the Line wherein the Heal Þ 
b of the Ship begins to turn, as perpendicular to tie 
[|| Line of the Ship's Way, makes the Queſtion come 
17 ko the very ſame thing, | 

| . 
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'\the WORKING of SHIPS, 
38. But if when the Lee-Way is conſidered, we 
always take the Line wherein the Head of the Ship 
begins to turn as perpendicular to the Keel; the 
whole Force RG muſt be reſolved into two late- 
ral ones, perpendicular and parallel to the Direc- 
tion of the Keel; but becauſe of the Lee- Way, 
the Situation of the Keel, or the Direction in 
which the whole Force is reſolved, being different 
from that of the Fluid, the Queſtion becomes the 
very fame as that of Art. 27. that is, having drawn 
As perpendicular to the Direction of the Water, 
HD perpendicular to the Keel, and having made 
HR (equal to the Radius) = a, the Sine of the 
Angle of Incidence HP = x, and H C the Co- 
ſine of the Angle S HD (equal to the Angle 
MB L or MHL) = 5; we ſhall find. as in Art. 
28. that the Sine of the Incidence for the greateſt 
3 lateral Force RK, perpendicular to the Keel, will 
5 be x 2 N 4. a. And 
it is plain, that as the Angle of the Lee-Way 
MH, equal to the Angle S H D, diminiſhes the 
Sine HC = , increaſes, and when that Angle 
becomes nothing, the Point C falls upon 8, and 
4 b will be = a, and putting & for @ in the Equa- 
tion x = eee TUE 54; we 
mall get x Nas, for the Caſe wherein the 
2? Lee-Way is nothing. Laſtly, if the Planking of 


| | the Ship alters the Stream or Direction of the Wa- 
2 ther againſt the Rudder; we muſt firſt take notice 


| 3 of that Direction, and find, as above, the greateſt ns 


| 3 lateral Force a] to the Ship 8 Courſe. | 
I ES nn SECT. 
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SK CT. vil. 
Of the Theory of the Oar. 


of the Oar, appears to be very 


4 ſome Explanation, | to underſtand 


and determine, 19, what is the Quantity of he! 
Force puſhing, and cauſing the Boat or Galley to | 
move on, ariſing from the Force of the Water- | 
men when they work the Oars. And 29, what 
is the moſt advantageous Length to be given to 
the Shank, or Part of the Oar from the Rowlock, | 
or Point upon which the Oar turns, to the Middle | 
.of the Blade, or the Centre of the Reſiſtance of | 
Y the Water. | 
90. And firſt of all, to PEAR NS the Fore | 
wherewith the Oars puſh, and endeavour to make | 
the Boat or Galley move forward, ariſing from the | 
Force of the Watermen, it is plain that we need | 
: only conſider one Oar QHR only, moved by a | 
Force applied ty its End Q, which may be conſi- | 
dered as that of one Man only; the Point H | 
the Rowlock 1 in which the Oar plays, lo as to tun 
about | 


y ( Lthough the Mechaniſm or working 


plain and ſimple, yet it deſerves | 
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about freely; and the Point R, the middle of the 
Blade, or the Centre of the Reſiſtance of the Wa- 
ter: now, whilſt the Man exerts his Force to draw 


the End Q, in the Direction QS parallel to the 
Boat's Way, or Courſe BL, the Reſiſtance the 
Blade R ſuffers in cutting the Water, acts, by 
puſhing back the Middle R of the Blade, in the 
Direction R T parallel to Qs; ſo that the ſaid 
Point H is to be taken as the Fulcrum of the two 
| Levers HQ, HR: Therefore this Point will be 
drove forwards in the Direction H G parallel to 
the Courſe, with a Force equal to the Sum of the 
Forces of the Man at the Point Q, and that of 

the Reſiſtance of the Water at the Point R; but 
| _ finceat the ſame Time as the Waterman endeavours 
to draw the End Q of the Oar, he puſhes back 
the Boat with his Feet the contrary Way, by a 
Force equal to that wherewith he pulls the Oar ; 
and conſequently the Point H being drawn in the 
Direction HI with a Force equal to that of the 
Waterman, the ſole Force remaining to carry on 
the Point H in the Direction HG, and make the 
HB Boat go forwards, is equal to that of the Water's 
Reeſiſtance againſt the Oar. What is mentioned 
of one Oar, is equally applicable to any Number 
Whatever that a Boat or Galley may have; as alſo | 
} the Force of one Rower only may be conceived as 
4 that of ſeveral applied to one ſingle Oar, coincil- 
T ing in a mean, or middle Point- Q. And from | 
hence we may conclude, that the Quantity of the 
FE: Force employed to move forwards a Galley wich- 
Tj F * out 
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Rowers with the Reſiſtances of the Water againſt 


Force where with the Galley moves forwards : we 
will firſt ſuppoſe the Centre or Middle R of the 
Blade to be a fixed Point, and conceive that whilſt 


H in the Direction HG, as HR to QR, if at 
the ſame Time the Point H were not puſhed back 
the contrary Way. Let the Length QR be = a, 

HR x, and conſequently QH = a—x. Iff | 
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out Sails, is always equal to the Sum of the Re. 
ſiſtances of the Water againſt all the Oars. 


91. Now in order to compare the Force of the 


the Blades of all the Oars; and conſequently the 


the Rower pulls the Point Qin the Direction QS, 
he acts by the Arm of a Lever QR: and fo his 
Effort will be to all the Effort moving the Point 


be taken equal to the Force of the Waterman up- 


* * 
. * * nnen 1 


on his Oar; then becauſe of the Arms of 1 Le- *] 
ver, it will be HR : QR e 


the Force wherewith the Point H is 1 for- 
wards in the Direction H G, by Means of the | 
Power applied at Q. But we have obſerved, that the | 
Waterman being, as it were, fixed in the Boat, hi | 
Re: action draws back the Point H in the contra 
Direction HI, with a Force equal to that he ex | 


erts at the Point Q Wherefore i — f= z 
: don will expreſs the F orce cauſing the Bon | - 


or Galley (0: MOVE forwar ds, which Force (as h 
been obſerved) is equal to the Action or Reſiſtance} | 


of the Water againſt the Blade R; this may be 


demonſtrated likewiſe by aſſuming the Point - 
for E A 


ES od 
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or a Fulcrum to the Levers HR, HQ, in order 
4 to get x: 2 — —= equal to the Re- 
ſiſtance applied at R, exattly the ſame. For Ex- 
ample, if the Oar de 18 Feet, the Diſtance H R 
from the Rowlock to the Centre of the Blade 10 
© Feet, and the Force of the Waterman 30. T hen 
1 will a 18, x = 10, and f = go. From whence 
1 ** get LEE 2 = ee 0 | 
224, the Expreſſion of the Reſiſtance of the 
WW Water, or the Force cauſing the Boat to move for- 
1 wards, by Means of the Power 7. 
k | 92. Now to obtain the moſt advantageous Ra- 
tio of the Lengths Q, and H R; that is, to 
bind the Point Q of the Oar, which the Water- 
> | — man muſt pull to produce the greateſt Effort poſſi- 
©. ble; the Point H being the Centre of Motion of 
the Man's Arms applied at Q, the F orce 'F as: 
; 1 by the Arms of the Lever QH = 42 -x; ſo that 
the Momentum or Quantity of Motion of the 
he | Power applied at Q to draw the Point H, will be 
the! 4 Fx. This being granted, and the Point R, 
his! (as has been already obſerved) be ſuppoſed to be : 


a fixed, the Point H at every Stroke of the Oar, or 
&-| 2 if you will, every Inſtant, will deſcribe an Arch, 
_ 6 having HR for its Radius. But ſince it is evi- 


= 4 dent, "that only ſome certain Number of Strokes 
Boat | E| of the Oar can be made in a given Time, the 
bal 5 Quantity of the Way moved through by the Boat 
ance 9 or Galley in a given Time, depends upon the 
y be 3 Bigneſs of that Arch; fo that for this Reaſon, the 
t HY Oey will run ſo much the faſter as the Diſtance 
u e from 


72 


The ELEMENTS of 


from the Rowlock to the Centre of the Blade, or 


the Length H R, is greater. But by how much 
the Side H R (x) increaſes, ſo much does the 
Side HQ (ax) decreaſe, and conſequently, 
the Momentum of the Waterman's Power de- 
creaſes too. Therefore ſuch a Ratio between EFT, - += 
and HR muſt be found, as that the Product of 
the Momentum af — fx into the Arch deſcribed _ 
by the Point H, or, which is the ſame, by its 
Radius HR (x) ſhall be the greateſt of any ſuch 
Product. But this is very eaſy to find: for ſincte 
the Product of af - fx by x, is af x — fax, and | 
its Fluxion is af +— 2 F; this, according to the 
Method of Maximums, muſt be equal to o; and 


then we ſhall have 2 x = a, and RH, or x a. 


Which ſhews, when a Waterman uſes his greateſt 
Force in rowing, the Point of the Oar whereat he 
PlwBhzces his Hands, and the Centre R of the Blade, 
muſt be at equal Diſtances from the reſting Point 
93. When ſeveral Rowers work at one Oar, 
their various Forces muſt be conceived as united at 
a middle Point Q, in the Diſtance A C, whereat 

they work, and QR muſt be divided into two e- 
qual Parts, to obtain the Point H that is to be 3 
os bur into the Rowlock, 
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SECT. IX. 


of the Uſe of the Tables : rogether with the 
Reſolutions of the chief Weions about the 
* of Ships, - 


2 HE firſt Table ſerves 1 for che 5 
Conſtruction of Tables for the work- 
ing of Ships, whoſe horizontal Sec- 
tions are taken for Polygons, as we 
| have explained in the 44th Article. x 
The ſecond ſerves for the Conſtruction of Ta- ; 
bles for the working of Ships, whoſe horizontal 
Sections are Segments of Circles, as we have like- 
wiſe explained in the 55th Article. Theſe Tables 
have many more Uſes than what we here explain; 
to lay down which would be 8 to our De- 


ſign. 
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The third Table contains the moſt 3 — 


Angles 


Situations, both of the Sails and Keel, either when 
| the Ship goes to Windward, or runs large, as we 
have explained in the goth Article. 
The 4th, th, 6th, 7th, 8th, och, 10th, 11th 5 
And 12th Tables, in the firſt Place contain the 


— 
— 


R —— 


— — Fe er error. 
* —— — 


—— 


N Angles of the Keel and Ship's Courſe for every 
30 Minutes, anſwerable to the Angles of the Sails 
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and Ship's Courſe, computed according to the 
Methods laid down in the 59th, 61ſt, and 64th Ar- 


| ticles. Theſe being the Tables deſigned by Mr. 


5 Bernoulli, and do contain the Relations of the Ve- 


locities, the greateſt of which is 100, computed 
| by the 69th Article; and are of very great Uſe. | 


95. Laſtly, thoſe ſame Tables do contain the 


| Relations of the Quantity of the Lee-Way, which Þ 


are computed very eaſily. For if BL be the | 


"Hig. 12, ; 
.W 66. -. 


_Leogth run by a Ship in a given Time, and BP | 
be taken equal to B L, the right Line PL will be 
the Quantity of the Lee-Way. Or, if the Dif- 


tance run BL, be taken for the Radius, PL will | 
be the Chord of the Angle of the Lee-Way: ſo F 


this Table only contains the Values of the Chords 


of the Angles of the Lee-Way, when the Radius 
is only 1000 : it being ſufficient for Practice to 
multiply the Ship's Diſtance run by the Chord of 
the Angle of the Lee-Way found in the Table, 
and then cut off the three laſt Figures from the 


N Product, and the Remainder is the Lee-Way. 


96. The 13th, 14th, 15th, 16th, 17th, 18th, E 
19th, 20th, and 21ſt Tables, are made for Pra- 


tice; (it is neceſſary here to take notice, that we 


have not been ſtrictly exact, becauſe we have made 


uſe of the third Table, wherein Ships are ſuppoſed 


to have no Lee-Way) ſo that the Situations of 


the Sails are not what they ſhould be exactly. But 


one or two Degrees in the Poſition of the Sails, will 


not be {enſible | in Practice. 
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1 order to conſtruct theſe Tables, we have firſt 
aſſumed the Angles of the Courſe of the Wind 
and the Keel for every three Degrees; which is 


ſufficient for Practice. Secondly, with theſe An- 


gles, in the third Table, we have taken the moſt 
advantageous Angles of the Sails and Keel, both 


when the Ship obtains the Wind, or runs to Wind- 


ward and fails with the Wind, or at large, as alſo 


the moſt advantageous Angles of the Sails, and 


Line of the Wind. Thirdly, with the Angles of 
the Sails and Keel, we have taken, in the 4th, 
| 5th, and 6th, Sc. Tables, the Lee-Way Angles, 
which we have added to the Angles of the Courſe 
of the Wind and Keel, thereby to obtain thoſe of 
the Courſe of the Wind, and that of the Ship. 
F ourthly, we have taken the Expreſſions or Rela- 
tions of the Velocities in the ſame 4th, 5th, and 


th Tables, anſwerable to the Angles of the Sails 
and Keel. Fifthly, with the moſt advantageous 


Angle of the Rudder, in the Caſe where the Lee- 


Way is nothing, which is 549 44, and the An- 
gles of the Lee-Way, we have ſet down the moſt _ 
advantageous Angles of the Rudder, to turn about 


the Veſſel, with the Wind before and aft. 


97. In every Voyage the Angle of the Wind's 
Courſe, and that whereon the Ship is to run, is al- 
' ways known or given; for otherwiſe, it muſt be 
Hirſt determined, from the Principles of Piloting, 
| But it is evident by all the Laws of the working of 
= Ships, that the Lee-Way 1 1s ſo much the ſmaller, 

| as that Angle is more obtuſe, and o much the 
= greater a as the ſame is more acute. * 
= But 
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Zut as it is very difficult to be certain to half 2 
Degree of the Angle of the Wind's and Ship's 


Courſe, or of the Angle made by the Meridian 


of the Compaſs, and the Line of the Ship's Courſe, 

we look upon every Angle of the Lee-Way les |} 
than 30 Minutes, to be inſenſible, and not to be 
regarded; ſo that when that Angle is leſs than 0 


Minutes, we fay there is no Lee-Way. 


The Lines of the Direction of the Keel, and 
| thoſe of the Ship's Courſe, do differ from one 
another by the Quantity of the Lee-Way, and yet 
it is a general Cuſtom amongſt Pilots, and all! 

thoſe who are employed in conducting Ships, to 
direct the Keel along the Line of the Courſe; Þ| 


which by ſo doing, they deviate from the true 


_ Courſe the Quantity of the Lee-Way. It is true, 
indeed, that not knowing the Quantity of the 
Lee-Way, they take the ſafeſt Method they can, 
vhich they correct afterwards by the Rules of p- 


loting. And ſometimes it even happens, when the 


Keel is not kept in the Direction of the Courſe, 
or her Head pointing to the Courſe, that this 
Error is corrected by the Lee-Way; and then we 
fay the Lee-Way makes good the · Courſwe. 
98. When the Angle of the Lee-Way is known, 


che Ship may be always kept to her Courſe, by 


making the Angle of the Keel and Courſe equal 


to the Angle of the Lee-Way. But to do ſo, we 
muſt have Tables exhibiting the Lee-Ways an- 


ſwerable to the ſeveral Courſes. I believe myſelf 
to be the firſt who has given ſuch Tables, and dare 


fay their Uſe will more and more demonſtrate the 
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| Neceſſity for them. But as it is not eaſy to ſet a · 
fide eſtabliſhed, though faulty Cuſtoms, eſpecially 


in Navigation. I foreſee that theſe Tables will re- 


quire ſome Ti ime "Danny to eſtabliſh a Reputa- i 


| tion. 


not be carried further on. 


We have therefore continued our Tables ſo far, 


as to ſhew the ſmalleſt Angle that the Line of the 


Keel can make with the Line of the Wind, be- 
| yond which, as has been obſerved in the 24th Ar- 


| tick, if you ſhould ſtill keep cloſer up to the 


Wind, by leſſening that Angle; the Angle of the 
Line of the Wind, and that of the Courſe, will 


be increaſed in too great a Ratio by the Lee-Way. 


100. As the greateſt Lee-Way happens neceſſa- 

- rily in that very Point wherein the Ship keeps cloſ- 

| eſt up to the Wind, and likewiſe the augmenting 

or leſſening the Angles of the Sails and Keel, have 
not been, according to any certain Rules, hitherto 

| laid down; the beſt Seamen have looked upon the 
1 greateſt Lee-Way as very uncertain ; ſome making 
| it from 15 to 16 Deg. others 22 Deg. and others 
Zo Deg. though it be true that two Ships rarely 


| have their greateſt Lee-Ways equal, yet by our 


| Tables we may remove that Difficulty, and find 
5 che 


þ. 99. Seamen have found by beet chat 
there is a certain Point unto which a Ship upon a 
Wind may go the neareſt, although they could ne- 
ver determine it: but we perceive with Pleaſure, 

that our Tables do determine what that Point is, 
and even the Computation has ſhewn us howto 
find it; and it is in fact perceived that they need 
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the greateſt Lee-Way of a Ship, as near as is ne- 
| ceſſary for Practice. 


101. But what moſtly cauſes Veſſels to make 


Lee-Way, and hinder them from keeping as cloſe 


upon a Wind as poſſible, is, that moſt Seamen, 


when they lie cloſe-hawP'd, make the Angle of the 


Sails and Keel too ſmall. Indeed, it cannot be de- 


nied, but by this Means the Sails gain the moſt 
Force poſſible of the Wind; but then it is eaſily 
ſeen, that almoſt all that Force is exerted in puſh- 
ing the Ship ſide-ways, and making her fall off 
from the Wind more, than if ſhe were not kept | 
up ſo cloſe to the Wind. An Example of which 
we have in Captain Cowley's Voyage round the 
Warld, who finding himſelf under a Neceſſity of 
keeping as cloſe to the Wind as poſſible, ſays, that 
upon the Noon of the 29th Day of May, in the Yer 
1686, the Wind ſhifting Weſt-South-IWeſt, we fteer'd 
North-Weſt with the T, op-gallant Sails ſet, but the 
Ship could never be kept ſo near the Wind, and rui 


only between the North-Weſt and Weſt-North-IWeſt, 


c. From whence it appears, that the Keel made | 


an Angle with the Line of the Wind of 67 Deg, 


30 Min. and the Lee-Way was 22 Deg. 30 Min. 
Now I find the Reaſon of the Captain's having | 
ſo great a Lee-Way was, his making the Angle of F 
the Sails and Keel but 14 Degrees, when he might 


nevertheleſs have made the ſame at leaſt 24 Deg. 


and he would have kept cloſer to the Wind by 


one whole Point, or nearly thereabouts. 


In order to give a more compleat Account of 1 


che Uſe of r Tables, I ſhall lay down ſome E. 
FF „ 
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| preſenting the Keel, which is the Suppoſition of 


Mr. Bernoulli; it being eaſy to perceive that the 


Prow or Fore-Part of a Ship has nearly ſuch a 


amples, in form of Problems upon the working of 
Ships, and that chiefly upon Veſſels whoſe Prow 
makes a Curve-line Angle of 30 Degrees, or whoſe = 
horizontal Sections of the Hull are nearly Segments 
of 30 Degrees, joined by a common Chord, re- 
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| Shape; and the Shape of the er be it what it 7 


will, is of no Conſequence. 


102. Since in the Practice of Navigntion there 
is no promiſing one's ſelf an Exactneſs of one De- 

gree, more or leſs, and even oftentimes ſeveral 
Degrees, by reaſon, as we have obſerved, of Cur- 


rents, and ſometimes for want of the true Know- 


# ledge of theVariation of the Compaſs; if the Angle | 


of the Ship's Courſe and Line of theWind be given 


in Points, we reduce them into Degrees by allow- 

ing 11 Deg. 15 Min. for every Point; and with 

theſe Degrees we enter the Tables under the Co- 
lumn of Angles of the Line of the Wind and the 


ſeveral Courſes, and if theſe Angles be not exactly 


| be found, we take them as near as may be. 


PROB. 
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PROB. 1 


A Ship's Courſe being given, together with that 


of the Wind: to find the Angle made by the 
Sails and Keel, and alſo the Lee-Way. 


103. This Problem is quite reſolved by the Ta.. 
bles; for if the Difference between the Ship's | 
| Courſe and that of the Wind, be expreſſed inn 
Points, we reduce them into Degrees, by allowing 


11 Degrees 15 Min. for every Point; and theſe 
will be the Angle of the Ship's and Wind's Courſe, 
-which being found in the Table, or that which is 


the neareſt to it, and over-againſt the ſame in the 


other Columns, will be found the Angles of the 
Sails and Keel, the N. Ge. TI 


Exanei L 


104. The Wind being at Eaſt, An to Gal 
| Weſt-North-Weſt. Here the Diſtance between thc 
Ship's Courſe and that of the Wind is 14 Points, 
or 157 Deg. 30 Min. And ſince in our Examples 


we take ſuch Ships whoſe Prows make an Angle of L 


30 Degrees, we look for 157 Deg. 30 Min. in the 
Column of the Angles of the Ship's and Wind's 
_ Courſe, in the 15th Table; and as it cannot be 


exactly found, we take 158 Degrees, the neareſt | 


to it, and over-againſt the ſame will be found 7; 


for the Angle of the Sails and Keel, for we may 


reject the Minutes ; : the Angle of the Sails and the 
; Courſe 


, * 
„ * A . : . . 
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Courſe of the Wind 83 Degrees. And ſince the 


Lee-Way is leſs than 30 Minutes, we eſteem it as 
nothing: ſo that the Angle of the Wind's Courſe 


and the Keel is allo ts Degrees. And in this 


Caſe the Direction of the Keel ought to coineide = 
with that of the Ship: 8 Courſe. = 


 ExamPLE I. 55 N 
105. The Wind being North-Weſt, I want to 


ſail Weſt-South-Welſt. 
The Difference Li the Winds Courſe and 


Z the Ship' s, is 6 Points, or 67 Deg. 30 Min. which LES 
cannot be exactly found in the Table of the Angles 


of the Wind's and Ship's Courſe : in this Caſe, I 


take 66 Deg. 3o Min. being the neareſt to it ; 
| over-againſt which we find the Angle of the Sails 


| ang Keel to be 23 Deg. 43 Man. or almoſt 24. 


. Degrees. And the Angle of the Sails and Keel 


| 18 Ede che Lec-Way 2 Deg grees 30 Minutes, 
and the Angle of the Wind's Courſe, and that of 


the Keel 64 Degrees. From whence you may ſee 
in this Caſe, that for the Lee-Way to make good 
the Ship's Courſe, the Head of the Ship muſt be 
carried 2 Deg. 30 Min. to the Weſtward of the 
| Ship's Courſe ; and then ſhe will run as cloſe as 
| neceſſary to make good her Courſe, 


Bin III. 


= 106. The Wind being North- North-Eaſt, Iwant 
to fail South-Eaſt 7 Deg. 30 Min. South, which is 
10 Points and y Deg. 30 Min. or 120 Degrees, 
being the Angle al, the Ship s and Wind's Courſe, 
F which 1 find exactly in the Table, and over-a- 
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gainſt it 51 Degrees for the Angle of the Sails and 


Keel, 68 Degrees for the Angle of the Wind's 


Incidence upon the Sails; 1 Degree of Lee-Way, 
and the Angle of the Courſe of the Wind .and 
Keel 119 Degrees. And therefore, ſince the Lee- 


Way makes good the Ship's Courſe, her Head 


muſt point a Degree farther Eaſtw-ards than is the 
Bearing of the Place the Ship i is to fail to, and ſhe | 


will run large. 


P RO B. . 


: To Serie the Ratios of the 7 elecities of th | 
Veſſels of the three Examples aforegoing, when | 
the Aftion or Force of the Wind againſt t 


| Sails in all the three Caſes is the Jame. 


10%. Ip the Column of Velocities, over-again F 
the Angle of the Wind's and Ship's Courſe, take| 


the Expreſſions of the Velocities for each Example, | 
and that of the firſt will be found to be 972, that! 


of the ſecond 603, and that of the third 902, 


Theſe three Velocities therefore are to one anc 
ther, as the three Numbers 972, 603, and 9025 
one of which being known in Leagues per Hou, 
or per Day, the two others will be known too 
If the firſt, for Example, be 3 Leagues in a 
Hour, or 72 in a Day, to get the Velocity of thi 
ſecond Example, we lay, If 972 gives 72 Leagus 
603 will give 445 Leagues ; and of the third ki 2 


tay, if 972 gives 72 Leagues, 902 will give 66, 
Lage 


OE 
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Leagues, or thereabouts : therefore we ſee that the 


lame Ship (of Example I.) running 72 Leagues a 


Day, will run along the Courſe of the ſecond Ex- 


ample 44 Leagues, and along that of the third 
66 Leagues and 7. So that having but once taken 
an exact Account of the Ship's Run or Way upon 
any given Courſe, by this Problem we can find 


her Way upon any other Courſe; provided the 
Action of the Wind upon the Sails be the ſame. 


But ſince when the Courſe changes, the Angle of 


the Incidence of the Wind is neceſſarily changed 
too; the Wind's Action againſt the Sails cannot 5 


be the ſame upon various Courſes. = 


PROB, 1, 


To determine the Ratios hee the V, ohcities | 


of a Ship on her different Courſes, and the 
different Angles of Inci dence ' £ the . ind 
againſt the Sails, 


108. We ſhall aſſume the three Examples afore- 
going, which determine the Velocities of a Veſſel 
by taking in the Ratios between the different For- 


ces of the Wind upon the Sails, and by the Angle 


of the Incidence of the Line of the Wind upon 
| the Sails, which is very eaſy to do; for, by the 7oth 


Ae if the Angle of Incidence of the Line of = 


the Wind upon the Sails changes, whilſt that of 

the Sails and Keel remains the ſame, as well as the 

Velocity of the Wind; then will the Ship's s Runs 
G R or 
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or Ways be in the ſingle Ratio of the Sines of the 


Wind's Incidence upon the Sails. So that bring- 
ing into the Ratios of the Velocities of the three Ex- | 
amples aforegoing, that of the Sine of the Inci- | 
dence of the Wind upon the Sails; and the requir- _ | 
ed Velocities will be had. The Velocity of the | 
firſt Example is 972, that of the ſecond 603, and 
that of the third 902. And in the Table you will 
find the Angle of the Sails and Line of the Wind | © 
for the firſt Example: 82 Deg. 35 Min. or 83 De- | 
grees; for the ſecond 40 Degrees: and for the |_ 
third 68 Degrees. We have then theſe three An- 
gles, 83, 40, and 68, whoſe Sines are 99254, | 
64279, and 92718. Multiplying the firſt by | 
972, the ſecond by 603, and the third by 902, | 


the three Products 96474888, 38760237, and 


83631636, will be had, expreſſing the Velocitics | 
In the three Caſes. Laſtly, if, as in the foregoing | _ 
Problem, we knew the Ship s Way in one of the 
three Caſes, her Way in the two others may be | 


found by the Rule of Proportion. If, for Exam- 


ple, in the firſt Caſe, the Ship's Way is 72 Leagues | 
in 24 Hours, to obtain her Way in the ſecond, 


we ſay, if 96474888 gives 72, what will 38760237 | 


give? When the Rule is finiſhed, it will be found 
28 Leagues and 2; and for the third, if 96474888 
give 72, what will 836 31636 give? the Anſwer © 
will be 62 7 &; Leagues. So the Ship running in the 8 
firſt Caſe 72 Leagues a Day, will run in the ſecond | 7 
284, andin the third 62 + Leagues a Day. But 
beſides the different Courſes, and the different Au- 


gles of the Incidence of the Wind upon the Sails 2 
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it very often happens that the reſpective Velocities 
of the Wind againſt the Sails are not equal or the 
ſame; which muſt cauſe the Ship's Way to in- 
creaſe in a certain Ratio that cannot be determined 


without nearly knowing the Relations of the diffe- 


rent Velocities of the Wind. There are ſeveral 
Ways to find the different relative Velocities of the 


Wind, laid down by Authors, chiefly by means of 


a Minas: in Form of a Windmill, deſcribed by 
Mr. Wolfe, and improved and brought to Per- 
; alen by Mr. Dons-en-Bray, of the Royal Aca- 
demy. But for want of theſe Machines, take the 
following ſimple and eaſy Method of finding the 
reſpective. Velocities of the Wind againſt the Sails. 
109. Upon an iron or wooden Rod AB, place 
a Quadrant CDE, in form of a Weathercock, 
to whoſe Centre faſten a ſtrong Thread of Silk, 
ſuſtaining a very round Ball of Wood, or other 
Matter lighter than Wood. Then it is evident, 
that the ſtronger the Wind blows, the higher the 
Ball will rife, and the Thread C Q will fall upon 
a greater Number of Degrees of the Quadrant 


from D towards E. 


PROB. IV. 


T5 0 find the Ratios of the relative 7 cheitie of 
„ ind. 


110. Let us ſuppoſe, 1 the: Wind PO ig 22 


5 J that it raiſes up the Ball F, and the Thread points 
out che Arch DG; and afterwards, the Wind 


G 3. as blowing 


has — — 
— — — — > — 
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blowing ſtronger, cauſes the Ball to ariſe higher, 
and the Thread CR points out the Arch DPH. 
Then I ſay, the two Velocities of the Wind will 


be to one another, as the ſquare Roots of the Tan- 
gents of the Arches DG, DH. 


DEMONSTRATION. 


111. The Ball in the two Poſitions or Situations 


T and J, is puſhed by the Impreſſion of the Wind, | 
which it receives, in the horizontal Directions FM, F 


IN, at the fame Time that it deſcends by its own 
Weight in the vertical ones K F, LI; but it * 


plain that having taken K F, LI equal, to ex- 


reſs the Force whereby the Ball endeavours to de. 


ſcend, and having compleated the Parallelograms 
QM, RN; the horizontal Directions FM, I M 
will expreſs the Forces of the Impulſe of the Wind 
upon the Ball. But becauſe of the ſimilar Trian- 


gles K FM, CDO, and LIN, CDP, it will 


be as FM: IN:: DPO: DP. Therefore the 


Forces of the Wind's Impulſe upon the Ball, will 


be to one another as the Tangent DO of the Arch 
DG, is to the Tangent DP of the Arch DH. 
And becauſe the Impulſes are as the Squares of the 


Velocities, it follows that the Velocities are as the 


ſquare Roots of the Farces or Impulſes, or as the 
* Noow of the T D O, D P. io 


An aur. 5 


3 If the Arch DG be 35 Deg. and 4 
Arch DH 45 Deg. their — will be 
70020, 
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* 70020, and 100000; and the ſquare Roots of 


theſe will be 264, and 316, the neareſt in whole 


Numbers. Therefore the Velocities of thoſe two 
Winds will be to one another as 264 to — 


66 to 79. 


P R O B. v. 
7 he Ratis 1 the V an es of he N. * 


EF being known, to determine thoſe of a Ship 
upon ber different Courſes, and the d; ferent 
| Angles of Incidence of 8 W. ind "_w the Fo 


Sails. 


— 11 3. 1 ſill wks the three REY of the firſt ; 
Problem, for which having found the Ratios of 
the Velocities upon the different Courſes, and the 
Angles of the Incidence of the Wind upon the 
Sal; ; if the Velocities of the Wind in all three 7 
Caſes, are reſpectively to one another, as the Num- 
bers 66, 79, and 80; the Velocities being by the 
third Problem 72, 28 ve, and 62.4 ; we multiply 
66 by 72, 79 by 28%, and 80 by 62 76, which 
gives the three Products 4752, 2283 7, 49925 


expreſſing the Velocities of the Ship; for (by Art. 


75.) the Velocities of a Ship upon different Courſes 
under different Angles of Incidence of the Wind 
againſt the Sails, are in a Ratio compounded of 
the reciprocal ſubduplicate Ratio of the Diagonals, 
the ſingle Ratio of the Wind's Incidence upon the 
Sails, and the ſingle Ratio of the Velocities of the 
| Wind. 


G 4 885 114. 
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114. This is the moſt compound, and at the 


fame Time uſeful Problem in the whole Affair of 


the working of Ships: yet it is really very eaſy 
and ſimple. For having once found out by an ex- 


act Obſervation, how much Way the Ship makes 
in an Hour, the Angles of the Sails and Keel, and 
that of the Sails and the Line of the Wind being 
known, together with the Expreſſion of the Velo- 
city of the Wind; we ſhall have a conſtant Ratio, 
which will ſerve as the Term of Compariſon 1 in all 


other Caſes, or Courſes of the ſame Ship, whate- 


ver be the Angle of Incidence of the Wind upon 
the Sails, and its reſpective Velocities. For Ex. 
ample, if we know that a Ship fails 25 Leagues 


an Hour, when the Angle of the Sails and Kee! 
is 60 Degrees, and the Angle of Incidence of the 


Wind upon the Sails 74 Degrees, and the Expreſ- 
ſion of the Velocity of the Wind 80: and when | 
the Figure of the Ship may be referred to the 1 5th 

Table. Then againſt the Angle of the Sails and Kee), 
80 Degrees, we take the Expreſſion of the Veloci- 


ty, which will be 932, and form a Product of theſe 


three Quantities, viz. 
Of the Expreſſion of the Velocity —9 32 


Of the Sine of Incidence 74 Degrees, being 56126 


And of the Velocity of the Wind — — 


| That Product will be 7167154560, which with 
the 22 Leagues an Hour, will form a conſtant 
Term of Compariſon for all the various Courſes of 
a Ship, under whatſoever Angle of Incidence of 
the Wind upon the Sails, and with any YOu 
of che Wind. 


Y 4 os 4 1 7 * TED * : TH 
7 X..& 2 2 8 4 . > 4 28”, ; E 
—.!, mm ð nw 


the Wo R RING SHiPs. 


An EXAMPLE. 


115. The ſame Ship as above, has ſteered upon 
2 OCourſe five Hours, with the Angle of the Sails 
and Keel 22 Degrees, the Angle of Incidence of 
the Wind upon the Sails 3o Degrees, and the Ex- 
preſſion of the Velocity go. Now we have theſe 
three Quantities, viz. the Expreſſion 588 of the 
Velocity found in the Table againſt 22 Degrees, 

| the Sine 50000 of the Angle of Incidence 30 Deg. 
and the Expreſſion 90 of the Wind's Velocity: 
the Product of theſe Numbers is 2646000000. ; 

And then to obtain the Ship's Way, we ſay, if 
7167134560 gives 25 Leagues an Hour, how 

many will 2646000000 give? When the Rule is 


| 2 finiſhed, the Ship's Way will be found to be — 9 


y 2 Parts of a League an Hour, and i is 43 : 
1 Leagues in five Hours. 


Another AMPLE 
x16; The Angle of the Sails and Keel i is 51 


g 1 Degrees, that of the Incidence of the Wind upon 
7 1 the Sails 75 Degrees, and the Expreſſion of the 
Velocity of the Wind 80. I demand the Way 


| 4 the Ship has run at that Rate in 30 Hours? 


The Velocity anſwering to 51 will be 902, the 


| 3 Sine of 75 Degrees 96593, and the Velocity of 


| {| the Wind 80. The Product of theſe three Num- 

bers is 69701 50880, Then we ſay, if 71671 54560 
[77 gives 21 Leagues an Hour, how many wil! 

| 6970150880 give? the Anſw er will be 2 


Leagues Ee 


wo 
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Leagues an Hour; which makes 72 % Leagues 
in 30 Hours. 


An OBSERVATION. 


117. The Problems aforeſaid do ſufficiently 


ſhew how to compare the Ways of the ſame Ship 
run upon different Courſes, either to Windward 
or Large: but though we ſuppoſed a Veſſel to 
have no other Form than what can be referred to 
the 6th and 15th Tables, yet it is eaſy to perceive 


that we muſt work exactly after the ſame Manner 


for any other Forms of Ships, which may be re- 


ferred to our ſeveral Tables tor the working of ' 


Ships : and that in order to compare the Velocities 
of two or more Ships, we muſt at leaſt know how 
much better a Sailer the one is than the other. 


Amongſt the ſeveral Cauſes that make Veſſels 


good or bad Sailers, the chief is that which ariſes 
| from their Shape or Mould ; this being what we 
have almoſt entirely remedied in our nine different 
Tables of Ship-working. It is true, indeed, that 
ſtrictly ſpeaking, thoſe Tables only ſerve to com- 
pare the Velocities of the ſame Ship: for to obtain | 
the exact Ratios of the Velocities of different Ships, 
Regard ought to be had to their Shape and Mag- 
nitude, and even the Proportions of the Magni- 
tudes of their Sails ſnould be taken into Conſide- 
ration. I had at firſt a Deſign to do this, and lay 
down geometrical Rules to determine theſe Pro- 
portions, and introduce theſe Conſiderations into 


— our Problems of the working of Ships ; but hav- 


ing ſince conſidered, that to obtain this new De- 


the WoRKINGof Snirps, 
gree of Exactneſs, which would ſcarcely be ſenſible 
in Practice, we ſhouldmake our Problems too com- 
plicated, and by that Means have deviated from 
that Plainneſs which is ſo neceſſary for the Uſe and 
Practice of Seamen; and beſides, it very rarely 
happens that the true Shapes of Ships, whoſe Velo- 
cities or Ways run one would compare, can be 
come at. 

I faid, this new Degree of Exactneſs: is very ſeldom 
ſenſible in Practice, it being eaſy to perceive from 
our Principles of the working of Ships, that the 
want of Exactneſs can only ariſe, in part from the 
Difference between the Ways run by a Ship, rec- 
koned to be a good Sailer, and one that is a hea- 
vy Sailer; and, according to Mr. Gxillet, the beſt 
Sailer in a Fleet, will out- ſail the worſt ny WT 1 

bout three c or four 2 a Day at moſt. 
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We Compariſon of the V. ehecities if two o Ships, | 
weben, 1ſt, the Angles of the Sails and Keel 
are unequal, but the Angles of Incidense of 
the Wind upon the Sails equal, and the rela- 
tive Velocities of the Wind equal. 2dly, ; 
When the Angles of the Incidence of the 
Wind upon the Sails are unequal, but the 
Angles of the Sails and Keel equal, and the © 
Vielbcities of the Wind equal. 3dly, When 
' the Velbcities of the Wind are unequal, but 
: the Angles of the Sails and Keel me. as 


The ELEMENT 8. / 
 elfo the Angles of Incidence of the Wind is pon 
the Sails equal. 4thly, When the Velocities of 
the Wind are equal, but the Angles of the 
Sails and Keel, and the Angles of the Inci- 
dence of the Wind upon the Sails unequal. 


pthly, When the Angles of the Incidence of 


the Wind upon the Sails are equal, but the 


Angles of the Sails and Keel unequal, as alſo 


the Velhcities of the Mind. Gtbly and Laſtly, 
dt hen the Angles of the Sails and Keel are 

equal, but the Angles of the Incidence of the 
Wind upon the Sails unequal, and the V elo- 
cities of the M. ind unequal. 


The Reſolution of theſ: ſix Caſes do each of 


them depend upon ſome one Article of the 6th 


Section, the firſt upon Art. 67, the ſecond upon 
Art. 70, the third upon Art. 71, the fourth upon 
Art. 72, the fifth upon Art. 73 and the ſixth | 


ou n 74: 


An EXAMPLE of the 2 Caſe. 


1 119. Since in this Caſe the Angles of the Sails 


and the Keel are only uncqual; the Velocities of 
two Ships will be to one another (by Art. 68.) in 
the Ratios of the Velocities ſet down in the Ta- 


bles. So that the Angles of the Sails and the Keel | 
of the firſt being 30 Degrees, and that of the ſe- 
cond 65. And alſo, if the Shapes of the Ships 


| be tuch as the Fl irſt can be referred to the 6th and 


.- 15th 
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15th Tables, and the ſecond to the gth or 18th, 
we ſhall find the Number 964 in theſe Tables o- 


ver- againſt 70 Degrees in the Column of Veloci— 
ties; which Number will expreſs the Velocity of 


the firſt Ship ; and the Number 946 over- againſt 


6; Degrees in the other Table, for the Expreſſion 
of the Velocity of the ſecond Ship. So that hee 
two Velocities are to one another as 9⁰⁴ to 945, or 


100 to 98. 
Here we may obſerve the ſmall Difference be- 


tween the two Velocities, although that of the fir 
ought to be greater than that of the ſecond, for 
two Reaſons, viz. the Magnitude of the Angles 
of the Sails and Keel, and the Shape of the Veſſel 
or Angle of the Prow; ſo that from hence we may Z 


obſerve, that a Difference of one or two Degrees 


in the Poſition of the Sails, as alſo ſome Difference 
in the Shapes of two Ships, will not Produce any 


ſenſible Error 1 in Practice. 
An Ly of the Cd Caſe. 


120. It i is manifeſt by the 7oth Article, that i in Ft 
this Caſe, if the Shapes of the Ships be ſuch, as 


they may be referred to the ſame Table, their Ve- 


locities will be in the ſingle Ratio of the Sine of 
Incidence of the Wind upon the Sails: ſo that the 
Angle of the Incidence of the Wind upon the 5 
Sails of the firſt Ship being 60 Deg. and that of 
the Velocity of the firſt will 


the ſecond 70 Deg. 


be to that of the ſecond, as the Sine of 60 Deg. 
which is 86603 is to the Sine of 70 Deg. which 
is 93969, or as 100 to 199; 


But 
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But if the Shapes of the Ships be different, ſo 
that the firſt being referred to the 6th and 1 5th 
Tables, the ſecond may be referred to the 1oth 


and 19th. In this Caſe, in thoſe Tables over-a- _ 
gainſt the Angle of the Sails and Keel, being here 
ſuppoſed. the ſame in both Ships, we muſt take 
the Expreſſions of the Velocities anſwerable to the 
Angle of the Sails and Keel, in order to make a 


Ratio compounded of that of the Velocities, and 


thoſe of the Sines of the Incidence of the Wind 
upon the Sails. As, the Angle of the Sails and 
Keel being 44 Deg. for each Veſſel; in the 6th 
and 15th Tables, over-againſt 44 Deg. we ſhall 
find the Velocity 874, and in the 1oth and 19th F 
Tables, the Velocity 817; now the Angle of Inci- | 
dence of the Wind upon the Sails of the firſt Ship 
being 60 Degrees, and that of the ſecond 70 
the Velocity of the firſt Ship will be to that of the 
ſecond, as the Product of 874 by 86603, is to 
the Product of 387 by 93969, or as 100 i to | 
101. 


py a f the third Caſe. 


121. Since in this Caſe, there are only the rela- 
tive Velocities of the Wind that are unequal; the 


| Velocities of the Ships will be in the ſame Ratio 
as that of the relative Velocities of the Wind, If | 
that Ratio be as 100 to 115, the Velocity of the 


firſt — will be to that of the ſecond, AS 100 to 
© B26 


But if the Shapes of the Ships be not the Fg 


and when the firſt may be referred to the 6th and 
J 5th Tables, the ſecond can to the roth and 


| 399 | 
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19th: then muſt the Angle of the Sails and Keel 
be known, (although the ſame in both Ships) that 
thereby we may obtain the Expreſſions of the Ve- 
locities in each Table. If that Angle be 30 Deg. 
we ſhall find 696 in the 15th Table, under the 
Column of Velocities, for the firſt Ship, and 682 


under that Column in the 19th Table, for the ſe- 


| cond Ship; and ſo the Velocity of the firſt will be 
to that of the ſecond, as the Product of 696 by 


95 


100, is to the Product of 682 * 11 556 or nearly 3 


2s 100 to 113. 


An Eau of the fourth Caſe. 
122. The Expreſſions of the Velocities of the 


Wind being equal, if the Angle of the Sails and 

{ Keel of the firſt Veſſel be 60 Deg. and that of the 

| ſecond 35 Deg. the Angle of Incidence of the 
Wind upon the Sails of the firſt Veſſel 77 Deg. 

and the ſame Angle upon the Sails of the ſecond 
70 Deg. If the Shapes of the Veſſels be ſuch that 
they can be referred, the former to the 6th and 


15th Tables, and the latter to the gth or 18th; 


then in the Column of Velocities of the 6th or 
1; Tables, will be found the Number 932 againſt 


60 Degrees, and in the gth and 18th Tables 740 


- againſt 35 Degrees. But the Sine of 77 Degrees 

is 97437, and that of 70 Degrees is 93967. Now 

(by Art. 62.) the Velocity of the firſt Ship will be 
to that of the ſecond, as the Product of 932 by 


L Product of 149. by 93969, „ 


nearly a as 100 to 76. 


4 
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An EXAMPLE of the fifth Caſe. 
123. The Angles of Incidence of the Wind up- 


on the Sails of two Ships being 70 Degrees, the 
Angle of the Sails and the Keel of the firſt 81 Deg. 
and of the ſecond 60 Deg. if the Shapes of the 
two Ships be ſuch as may be referred to the 6th 
or 15th Table, the Expreſſion of the Velocities 


or Diagonals for 81 Degrees, will be found 984, 


and "Tg 60 Degrees, the Number 932. But if the 
Velocities of the Wind are to one another as 60 to | 


70, the Velocity of the firſt Ship will be (by Art. 


73.) to the Velocity of the ſecond, as the Product 
of 984 by 60, 1s to the Product of 932 by 70, or 
as 59940 is to 65240, or nearly as 100 to 110. 


But if the Figures of the Ships be different, fo 


that the firſt may be referred to the 6th or 15th 
Table, and the ſecond to the 1oth or 19th, in the 
15th Table we ſhall find as above, 984 againſt 81 
Degrees, and in the 19th Table, 92 1 againſt 60 
Degrees. If the Velocities of the Wind be the 


ſame as above, the Velocity of the firſt Ship will 
be to that of the ſetond, as the Product of 984 by 


Go, is to the Product of 921 by 70, or as 100 to 


Lat 4 - 
i As EXAMPLE of tbe fixth Caſe. 
124. The Angles of the Sails and Keels of two 


Ships being 83 Degrees, the Angle of Incidence 
of the Wind upon the Sails of the firſt Ship 87 
Degrees, and the Angle of Incidence of the Wind 

upon the Sails of the ſecond Ship 70 Degrees, the 


RE 
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relative Velocity of the Wind upon the firſt Ship 
Zo, and that upon the ſecond 90. It is required 
to find the Ratio between the Velocities of theſe 
two Ships. By the 74th Article, the Velocities 


are in a Ratio compounded of the ſingle Ratio of 


the Sines of the Incidence of the Wind upon the 


Sails, and the ſingle Ratio of the Velocities of the 
Wind; and ſo the Velocity of the firſt Ship will be 
to that of the ſecond, as the Product of 99863, 
the Sine of 87 Degrees, by 80, is to the Product 
of 93969, the Sine of 70 Degrees, by 70. Now 


theſe Products 79 89040, and 8457210, are nearly 
to one another as 100 is to 106, Conſequently, 


the Velocity of the firſt Ship will be to that of the 
ſecond, nearly as 100 is to 106. I fay nearly, for 
an entire Exactneſs muſt not be expected. But it 
is ſtill a great Advantage to come near to an Ex- 


 aftneſs, conſidering the great Number of Irregula- 


rities which Seamen meet in the Practice, and of : 


Which they are very ſenſible. 


In this Example the Shapes of Ships are ſup- 5 


poſed to be ſimilar, and ſo may be referred to the 
ſame Tables. But if they be not, and it is known, for 


Example, when the firſt may be referred to the 


th or 15th Table, the ſecond may be referred to 
the gth or 18th. Then having firſt found the Ra- 
tio of the Velocities, as above, in thoſe Tables a- 


gainſt the Angle of the Sails and Kecl, (which we 
ſtill ſuppoſe to be 83 Degrees) we take the Velo- 


cities anſwerable to that Angle; and the Number 


9888 will be found for the firſt Ship, and 993 for 


the ſecond ; this done, having found for the ſame 


BR. : | Ex- 
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Example, that the Velocities are in the Ratio 6f 
100 to 106, we compound thoſe two Ratios, that 


is, the Velocity of the firſt Ship, will be to that of 


the ſecand, as the Product of 988 by 100, is to 
the Product of 993 by 106, or as 8800 is to 


105258, or elſe as 100 1s to 106 3. 


An Oat 100 


125. We have faid in the Obſervation aforego- | 
ing, that the three firſt Problems and the fifth, do 
contain Methods to determine, by Means of our 


Tables, the different Velocities of a Ship, toge- 


ther with the moſt advantageous Diſpoſitions both 
of the Sails and Keel, when ſhe fails upon a given 
Courſe with a given Wind, and in the 6th Pro- 


blem we have ſhewn how to compare the Veloci- 


ties or Ways run by two Ships, or one only upon 
different Courſes, and different Diſpoſitions of the 
Sails, and that in all Caſes, and without any Re- 
gard to the moſt advantageous Diſpoſitions; which 
probably will not be always choſen by Seamen. 
However this is, it will always be very eaſy to 
compare, and even determine, the Ways of Ships, 


by the Rules laid down in that Problem; yet ne- 
vertheleſs, I allow there is no Neceſſity to inſiſt 


fo nicely upon putting the Sails into the moſt | 


advantageous Diſpoſitions, for running a given 


_ Courſe with a given Wind; becauſe 5 or 6 Deg. : 


more or leſs in the Angle of the Sails and Keel, 


do not oftentimes diminiſh the Ship's Way 30 Part 


leſs, than would ariſe if the Sails were preciſely in 


the moſt nn Diſpoſitions, as we are go- 
| | | ing - 


on. 
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ing to ſhew in the following Problem; and this 
is a very conſiderable Advantage for the Practice. 


P R O B. VII. 


126. The Compariſon of the 7 clocities or «WW ays 
of the ſame Ship, when moving with the 
Jame Wind, with the moſt advantageous 
Angle of the Sails and Keel, and moving 
when that ſame Angle is greater or leſs by 


ſeveral Degrees than the moſt advantage _ 
nd 


To -erform this Conipariſor as exact as may be, 
we ſhall not omit the Minutes in our Tables. It 
is evident that the Angle of the Courſe of the 


Wind and the Keel being given, and the Sails 


' which divide that Angle into two equal Parts, one 
of which is the Angle of the Sails and Keel, and 
the other, the Angle of Incidence of the Wind 
upon the Sails. I ſay, it is evident, if the firſt be 
_ aſſumed ſome Number of Degrees at Pleaſure, 
and it be ſubtracted from the given Angle of the 
Courſe of the Wind and Keel; we ſhall have the 
ſecond, or the Angle of Intidence of the Wind 
upon the Sails, and Fend theſe two Angles we find 
the Expreſſion of the Velocity of the Ship, by 
the 4th Caſe of the 6th Problem. But ſince this 
' Diviſion of the Angle of the Courſe of the Wind 
and the Keel, is made in our Tables with the great? 
eſt Advantage poſſible; we find, by the ſame Caſe 
H2 27255 


100 


We ELEMENTS of 
of the 6th Problem, the Expreſſion of the Velo- 


city of the Ship, and compare it with the Expreſ- 
ſion found by taking the Angles of the Sails and 
Keel of ſome Magnitude at Pleaſure. EY 


An EXAMPLE. 
Suppoſe the Angle of the Courſe of the Wind 


and the Keel to be 125 Degrees, and the Shape 
of the Ship ſuch as to be referred to the gth 
and 18th Tables. Then in theſe Tables will be 


found 54 Deg. 34 Min. for the moſt advantageous 


Angle of the Sails and Keel, and that of the Sails 


and the Line of the Wind 70 Degrees 26 Min. 
which two Angles together make 125 Degrees. 


If now we aſſume the Angle of the Sails and the 
Keel greater than the molt advantageous Angle, 


as ſuppoſe 65 Deg. 35 Min. the Angle of Inci- 


dence of the Wind upon the Sails Il be 59 
Deg. and 25 Min. it being the Difference between 
125 Deg. and 65 Deg. 35 Min. and if that ſame 
Angle of the Sails and Keel be taken leſs than 
the moſt advantageous Angle, as ſuppoſe 44 Deg. 

10 Min. that of the Incidence of the Wind upon 

the Sails will be 80 Deg. 30 Min. Now againſt | 

| theſe three Angles of the Sails and Keel, in the 


18th Table, we take the Expreſſions of the Velo- 


Cities, viz. 888, for the moſt advantageous Angle 


of 54 Deg. 34 Minutes, 945 for the Angle of 65 


_ Deg. 35 Minutes, and 817 for the Angle of 44 
Degrees 10 Minutes. Then we take ho Sines of 


| theſe three Angles, viz. 94225, the Sine of 70 


Deg. 26 Minutes, 86089, the Sine of 59 Deg. 


. 
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25 Min. and 98723, the Sine of 80 Deg. 50 
Minutes. 

But the Velocities of the Wind being the fs; 
or equal, thoſe of the Ships will be, by the 4th 
Caſe of the Problem aforegoing, as theſe three 
Products, 888 by 94225, 945 by 86089, and 
817 by 88723. And having multiplied them, 
we ſhall find that the firſt Product, or the Expreſ- 
ſion of the Velocity of the Ship, in the Caſe of 
the moſt advantageous Angle of the Sails and Keel, 
is greater than either of the other two: but the 
Difference, as we have already obſerved, is but 
ſmall, ſince the Velocity of the firſt, or moſt ad- 
vantageous Caſe, being ſuppoſed 100, that of the 
| ſecond will be 97> and that of the third nearly 96. 


Anths Ex A MP LE. 


128. Always taking the ſame Veſſel; if the 
8 Angle of the Line of the Wind and the Keel be 
64 Degrees, the moſt advantageous Angle of the 
Sails and Keel will be 23 Degrees 43 Minutes, and 
conſequently the Angle of Incidence of the Wind 
upon the Sails 40 Degrees 17 Minutes. Now, if 
the Angle of the Sails and Keel be ſuppoſed to be 
made greater, as 31 Degrees 25 Minutes, that of 
the Wind upon the Sails will be 32 Degrees 38 


Minutes. And if the ſaid Angle be made ſmaller, 5 


as 13 Degrees 48 Minutes, that of the Wind up- 
on the Sails will be 30 Degrees 12 Minutes. Then 
in the 18th Table we take the Expreſſions of the 
Velocities anſwerable to thoſe three Angles of the 


Sails and Keel, Which will be found 606 for the 
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moſt advantageous Angle 23 Degrees 47 Minutes, 
669 for 31 Degrees 25 Minutes, and 373 for 13 
Degrees 48 Minutes. Then we take the three 


Sines of the Angles of Incidence of the Wind up- 
on the Sails, viz. 64657 of 40 Degrees 17 Min. 


53853 of 32 Degrees 35 Minutes, and 76828. of 
„ Degrees 12 Minutes. 


Now by the 72d Article, or the 4th Caſe of 


the Problem aforegoing, the three Velocities of 
the Ship will be to one another, as the three Pro- 


ducts : the firſt being 606 by 64657, the ſecond. 


699 by 53853, and the third 373 by 768283 
when theſe Multiplications be compleated, you = 
will find the firſt Product, or that of the moſt ad- 


vantageous Situation of the Sails, to be greateſt, 


and the Velocity of the moſt advantageous Caſe 
being expreſſed by 100, the ſecond will. be 96, 
and * third 73 upon which I ſubjoin a ſmall 
__ Obſervation here, which is, that when the Sails 
are to beſet in a Poſition at Pleaſure, it 1s much 

better to run the Riſk of making the Angle of the 

Sails and Keel greater than the moſt advantageous 


Angle, than leſs, and that for two Reaſons ; firſt, 


when it is made leſs, the Velocity of the Ship is leſ. 


fened in too great a Proportion, as appears by the 


two Examples. And ſecondly, the Lee-Way is aug- 
mented, which 1s a conſiderable Fault in the Art 


_ of working a Ship; ; whereas, if that Angle be 5 


: made greater, the Lr Wir is leſſened, 


PROB, 
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P R O B. VIII. 


129. The Compariſon of the Velocities of two 
Ships moved with the ſame Wind, when one 


| of them ſails large, and the other cle ye 
upon the W ind. 


Pe body e a Wind blowing directly 
upon the Poop would be beſt, if it could fill all 
the Sails of a Ship; but ſince in this Caſe the Sails 
of the hindmoſt Maſts hinder the Wind from falln 

ing upon thoſe of the Foremaſts, a Ship will make 


the greateſt Way when ſhe fails large, with a 
good Quarter-Wind, But contrariwiſe, the leaſt 


when ſhe obtains the moſt Wind, or fails cloſe up- | 


on a Wind. Now to make an exact Compariſon 


in theſe two Caſes, we firſt ſuppoſe both the Ships 


to be of the ſame Shape : then ſince they fail with 


the ſame Wind, their Velocities are, as in the pre- 
ceding Problem, in the Ratio compounded of that 


of the Velocities found in the Tables, anſwerable 


to the Angles of the Sails and Keel, and the Ra- 


tio of the Sines of the Wind's Incidence upon the 


Sails, ſuppoſing the Shape of the Ships to be ſuch 


as to be referred to the 18th Table. Moreover, 


let us ſuppoſe the Courſe, of the firſt Ship to be 
13 Points from the Wind, (or Line of the Wind) 
and that of the ſecond g Points: then will the firſt 
Ship fail large, or with a Quarter-Wind, and 
the ſecond cloſe upon a Wind. Thus, for Example, 
„ 4 — the 


— 1 hy IEEE — - — —— —— —— — 


þ 4 — 2 
—_ ˙ĩ75ẽ • ꝛT . ̃⅛˙ porn . En . ol — — — — 
nd — wu —— —— = Pad 
—— — _—_— 1 = . — — — = - — _ 
Fe — FE 2 _ I _ " 


= — I — 
— —Eñ — — 


; . 
— 2 ͤ 5—⅜¾«ʒ % Ä ˖ KK ĩ è— ĩ oi — 5 — 1 = ——— — * _—_ 
. Rn EP Imonngdh — 1 — l — - - IE — — — — — — _ 
- — Ä rr > een a. EE Wn 8 * we = — e — ——— —-— 
D FT; - N . - 2 — — 2 Ke v. . vs 2 
— 1 a © 7 Yn br ee — af Roe mb —— . HL A ²˙ hs A SS —— - » — 2-77 ' — — . — 3 ies 2 IVES 
» ho — — ">< — — 5 — E — N — 19 — : I 2 — 2 
— — do EAN 5 5 > p — 2 ow — p — * * — 
— > — — — — e — Lig * * A "GEL ; —__ ho © a * * . — 4 57 r 
— — — — : N- 4 — ** 0 m — — — — 2 — — * — — <<. 


104 


Te ELEMENTS of 


the Wind being North-Eaſt, the Courſe ſteer'd 


by the firſt Ship, will be Weſt by South, and that 
by the ſecond, North by Weſt, that is, allowing 
11 Degrees and 15 Minutes to every Point, the 


Courſe of the firſt Ship makes an Angle with that 
of the Wind of 146 Degrees, and that of the ſe- 
| cond an Angle of 56 Degrees. But in the 18th 
Table you will find, when the Angle of the Courſe 
of the Ship and the Wind's is 146 Degrees, the 

Lee-Way is one Degree. And when that ſame 

Angle is 26 Degrees, the Lee-Way 1s 10 Degrees. 


And ſo that the Lee- Way may make good the 


* Courſe; ; in the firſt Caſe the Angle of the Courſe 


of the Wind and Keel muſt be 145 Degrees, and 


the ſame Angle in the ſecond Caſe muſt be 46 De- 
grees. Now with the Angle of 145 Degrees, in 
the firſt Caſe we ſhall find the moſt advantageous 
Angle of the Sails and Keel to be nearly 67 De- 
| grees; and the Angle of the Incidence of the Wind 
upon the Sails 78 Degrees; ; and with an Angle of 
46 Degrees, the aſi advantageous one, wall be 


found to be 16 Degrees, and the Angle of Incidence 


of the Wind upon the Sails 30 Degrees But the Ve- 
locities found in the Table againſt the Angle of the 
Sails and Keel, is 936 in the firſt Caſe, which (by 
Ari. 72. ) being multiplied by the Sine of the In- 


cidence 78 Degrees, being 97815, will give a 


Product that ſhall be. the Expreſſion of the Velo- 


city of the firſt Ship, and moreover the Velocity 


| anfwerable to the Angle of the Sails and Keel in 
the ſecond Caſe is 447, which being multiplied — 
: by the Sine of 30 Degrees, or 50000, will give a 


Prodogt 


the Wo RK INS Smiles. 


Product, being the Expreſſion of the Velocity of 
the ſecond Ship; but it is eaſy to ſee that theſe 
Products are to one another, nearly as 100 to 24: 


conſequently, during the Time the firſt Ship has 
run 100 > Leagues, the ſecond will have run but 
24. 

But if both the Ships have not the aue Shape, 


and when the firſt can be referred to the 14th Ta- 

ble, the ſecond may be referred to the 18th Ta- 
ble. We proceed after the ſame Way as above, 
with this Difference only, that inſtead of taking 
the Expreſſion of the Velocity of the firſt Ship, as 


it ſtands 1 in the N we ind 7 it t by the Feen 


PROB. M. 


130. To find how much a Ship has Fan to 
Leeward, after ſhe has run large for ſome 
| Leagues, and to find how much ſhe is got to 


Windward, after ſhe has ſailed for ſome 


Leagues near the Wind, or even cloſe haul d. 


Although the Line of a Ship's Courſe with 


the fame Wind, be not exactly a right Line, but 
a Curve called the Loxodromick Curve, yet as the 
Diſtances here taken upon that Line are but ſmall; 


they may be looked upon as right Lines, without 
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any ſenſible Error. This being ſuppoſed, let the Fig. 27; 


Ship H M, drove by the Wind blowing in the 
Direction V B, fail upon the Courſe B L: then it 

15 evident that to find how far the Ship is fallen to 
Leeward 
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Leeward after ſhe has run the Diſtance BL, the 


right Line LR mult be drawn from the Point L, 
perpendicular to the Line V B continued ; which 
Perpendicular will terminate the Length B R be- 


ing the Space required. But if the Courſe of the 


Wind be uB, and the Ship's Courſe be the Line 


Bl, to find in this Caſe how much the Ship has 
got to Windward after ſhe has run the Space Bl, 


the Perpendicular Lr muſt be let fall upon the 


Line of the Wind; and Br will be the Length 
required. And both BR and Br may very eaſily 
be determined by Trigonometry, for in the right. 


angled Triangles BRL, Brl, the Angles of the 
Line of the Wind, and the Ship's Way, being 


known, as alfo the Lengths run, or the Hypothe- 


nuſes BL, Bl; the Sides BR, Br wanted, may 


be found by ſaying, as the Radius is to the Sine 


Complement of the Angle made by the Line of 


the Wind and the Ship's Courſe, fo is the Diſ- 


tance failed to a fourth Number, expreſſing how 
much the Ship is fallen to Leeward, or got to 


Windward. 
Note, in the Grſt Caſe we take the Angle RBL 


for the Angle the Line of the Wind makes with 


dhe Sup” s Courle. 


An ExanPLe ＋ the 2 Caſe. 
131. The Angle of the Wind's and Ship's 


Courſe being 146 Degrees, it is required to find | 
| how far ſhe is fell to Leeward, when ſhe has run 
large 10 Leagues? In this Caſe (according to 

me Note) we mult take 34 Degrees, the Comple- 


ment ö 
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ment of 146 Degrees, and ſay, as the Radius 


100000, is to the Sine Complement of 34 De- 
grees 82904, ſo is 10 Leagues to 8 r Leagues, 


the Length the Ship | has fallen to Leeward when 


failing large, 


An ExAan PLE of the ſecond . 


132. The Angle of che Wind's and Ship's 8 
Courſe being 25 Degrees, I demand how far the 
Ship is got to Windward, after ſhe has run 10 


Leagues upon a Wind? 
Say, according to the Rule, as the Radius 


100000, is to the Sine e of 58 Deg. 
52992, ſo is 10 Leagues, to 5.3, Leagucs, being 


the Length ſhe is got directly to Windward, after 
| ſhe has run 10 Leagues upon a Wind. 


PROB. * 


133. 77 there be two Ships PTE 4% Wind: 


_ ward, and ſtriving to get the Wind of each 


other, with this Difference, that the Navi- 


gators of one of them are more ſkilful in 


working her, than thoſe of the ſecond ; giv- 


ing the Keel and Sails the moſt advantageous 


Diiſpoſitions, whilſt thoſe of the other Ship 


keep ber as cliſe as poſſible up to the Wind. 
Jo determine how much Advantage the firſt 


bas to get theW ind 4 the otber. 


By | 
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By the 34th Article, the moſt advantageous 
Angle the Keel makes with the Line of the Wind, 


when a Ship, gets moſt to Windward, muſt be about 
55 Degrees, and the Angle of Incidence of the Wind 


upon the Sails 35 Degrees. Theſe, you ſee, are the ü 


moſt advantageous Diſpoſitions of the Sails and Keel 


of the firſt Ship. But the ſecond being willing to 
keep as cloſe as poſſible upon the Wind, let us | 
ſuppoſe that ſhe carries her Head ſo near to the 
Wind, as that the Angle made by the Wind's 
: Courſe, and the Keel is 24 Degrees, and the An- 
| gle of the Wind upon the Sails 22 Degrees: then 
by the 72d Article, or the fourth Caſe of the fixth 
Problem, the Ratio of the Velocities, or the Ways 
run by the Ships muſt be found, and afterwards, 
by the preceding Problem, we may find the Ratio 
of the Spaces the Ships have x Ty to Wind- 
ward i in a given SU 1 9 8 


2 


7 An EXAMPLE. 


When the Shapes of the Ships be ſuch as that 

they may be referred to the 6th and 15th Tables, 
over-againſt the Angles of the Wind's Courſe-and 

the Keel, we find the Expreſſions of the Veloci- 
ties ; that of the firſt Ship anſwerable to 55 Deg. 
is 556, and that of the ſecond againſt 34 Degrees 
zs 394. But the Angles of Incidence of the Wind 
5 upon the Sails is 35 Degrees in the firſt Ship, and 


22 in the ſecond. This done, we multiply 556 


by the Sine of 35 Degrees, which is 57 258, and 

394 by the Sine of 22 Degrees, which is 37461, 

and we ſhall have theſe two Products 31891048 
Re Bon ee 
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and 14759634, for the reſpectiye Expreſſions of 
the Velocities or Ways of each Ship, which may 


be reduced, without any great Error, to the Ratio 
of 319 to 148. Now to obtain the Ratio of the 


Ways got to Windward by both the Ships, Regard 


muſt be had to the Lee-Way, being by our Ta- 
bles 3 Degrees in the firſt Ship, and fix Degrees 


in the ſecond: wherefore the Angle of the Line of 
the Wind, and the firſt Ship's 8 will be 58 


Degrees, and the Angle of the Line of the W ind, 
and the ſecond Ship's "Courſe, 40 Degrees. Then 


| we ſay, for the firſt Ship, according to the ſecond 


Caſe of the preceding Problem, as the Radius 


| 100000, is to the Sine Complement of 40 Degrees 
b 76604 ; ; 1o is 148, the Expreſſion of the Way of 
| the ſecond Ship, to 113, the Space ſhe is got to 
| Windward +. Hence it appears, that the Spaces D 
| got by the Ships to Windward are, as 169 to 113, 


| or 100 to 67 nearly.” - 
135. By uſing the Logarithms theſe SEN 


10g 


| tions may be much ROY ; for you need 


only add together theſe three Logarithms, viz. 


1. the Logarithm of the Expreſſions of the Velo- 
cities found in our Tables. 2dly, the Logarithm _ 
of the Sine of the Incidence of the Wind upon 
the Sails. 3dly, And the Logarithm of the Sine 


Complement of the Angle of the Line of the 


Wind, and the Ship's Courſe. Laſtly, having 


taken : 


- 6 F N ”* - = TEE. 2 : ; - 3 x 


— 
— — 


+" The Author 1 "Wy to have left out, by Miſtake, the 
Proportion for finding 169, che * got directly to Windward 
by the firſt as.od 
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taken away the firſt Figure of the Characteriſtick 


from that Sum, and what remains will be the Lo- 


garithm of the Length the "IE is got to Wind- 


ward. 


The Computation by the Logarithms of the rf . 


Example, as above. 


iſt, The Expreſſion of the Velocity of the firſt 
Ship i is 556. , 

2dly, The Angle of Incidence of the Wind up: 

on the Sails, 35 Degrees. 

zdly, The Angle of the Wind and the Ship 4 


Courſe 58 Degrees, and their three Log 
_ rithms will . 


The firtt, N — — 2.74500 
The ſecond,- — — 9.75859 
And the third, — — . 72421. 


T he Sum of theſe chre Logurithes - — 22. 22787 


From whence taking away the firſt Pin 2 of 


the Characteriſtick 22, and the Remainder 2.22787 
is the Logarithm of the Space moved by the firſt 
Ship, according to the Direction of the Wind, to 


which correſponds the Number 169, being the 
fame as was found by the firſt Method. 


Now to get the Length the ſecond Ship is got 


to Windward, we have firſt the Expreſſion 394 of 
the Velocity found in the Tables. 2dly, The An- 
gle of Incidence of the Wind upon the Sails 22 


oa and the Angle of the Line of the Wind 


and 
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and the Ship's Way 40 Degrees. Their three 
Logarithms will be, 

The firſt — rn 2.59550 
The ſecond, — — — — — 9 57357 | 
And the third, — =P 20 


From whence SOR away the firſt Fü 2 of 
the Characteriſtick 22, and the Remainder 2.053 36 - 


will be the Logarithm of 113, being the Expreſ- 


ſion of the Way got by the ſecond * to Wind- 


ward, as found above. 
It is ſo eaſy to ſee the Reaſon of this 8 


by the Logarithms ; that I think there i is no need : 
of my ſlaying to explain i it. 


An OBSERVATION. 


136. The Compariſon made above upon two 
Ships ſtriving to obtain the Weather Gauge is of 
itſelf applicable to Veſſels that want to get off from 


Shore, and out to Sea againſt Wind and Tide, or 


double a Cape. The fame Compariſon likewiſe 
may be made without much Error, upon two ̃ͥ 
hoſtile Fleets, ſtriving to get t the Wind of each 


other. 
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The Sum of theſe three Logarithms — 22.0 * 336 
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PROB. XI. 


137. To find a Ship's Way whew turning ber | 


Broad. Sede to Wi ndward. 


In foul Weather, when a Ship cannot hold on 


a Courſe, or in ſome dangerous Part of the Sea, 


her Broad-ſide is turned towards the Wind; be- 
cauſe then the Reſiſtance ſhe ſuffers from the Wa- 
ter as ſhe paſſes through it, is the greateſt of all, 
and conſequently her Way retarded the moſt that 
can be: now if the Ship be ſuppoſed to be puſhed 
along with the ſame Force of the Wind, whether 
her Poop be turned, ſo as ſhe ſails before the Wind, 
or her Broad-ſide faces the Wind, ſo as ſhe makes 


the moſt Lee-Way : it will be very eaſy to find 


the Ratio between the Velocities of theſe two 


Caſes; for (by the 67th Art.) we may find the Ra- 


tio between the Reſiſtances the Ship finds in cut- 
ting the Water with her Side, to that ſhe finds in 
cutting the Water with her Head; and by the 


68th Article, the Velocities are in the reciprocal 


e Ratio of the Reſiſtances. 


An EXAMPLE. Ss 
138. If the Form of a Ship can be kd to 


Segments of 30 Degrees, her Reſiſtance in cutting 
the Water with her Side, by Art. 67. will be to 
her Reſiſtance in cutting the Water by her Head, 
as 220 is to 1. And (by Art. 68.) we ſay as 
v/220 is tov, 0 will the Reſiſtance the Ship 


finds 


the Þ 
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the WORKING of SHIPS, 


finds in cutting the Water with her Head, be to 


the Velocity in cutting the Water with her Side. 
But in our Tables we ſuppoſe the Velocity of the 
Ship in cutting the Water with her Head to be 


| 1000, ſo that you ſee in order to obtain the Ex- 
_ preſſion of the lateral Velocity; you need only 
divide 1000 by the ſquare Root of 220, and We 


ſhall have nearly 68. 


This Expreſſion of the Velocity may be com- 
pared with any of thoſe that are in the Table. 


For if, for Example, one knows in foul Weather, 
that a Ship fails 5 Leagues an Hour, when the 
Angle of the Courſe of the Wind and the Keel is 
110 Degrees; ſince the Expreſſion of the Velocity 
is in this Caſe 88 1; to find how far the Ship has 
been drove by the ſame Wind, with her Side to- 
wards it, we ſay, if 881 gives 5 Leagues, what 
will 68 give? The Anſwer is 382 Parts of a 
League. Therefore a Ship, in the firſt Caſe, run- 
ning 120 Leagues in 24 Hours; will run only a- 
bout 9 Leagues in the ſecond: but this Computa- 
tion is to he looked upon as ſomewhat uncertain : 
becauſe in foul Weather the Sails are furled and 
taken in, and the Wind acting very much upon the 
Body of the Ship, makes it impoſſible to know w- 
the Ratio of the Forces that the Ship is drove 
along with in both thoſe Caſes. Notwithſtanding 
this, we ought not to neglect the Calculation, be- 
cauſe by Means thereof we may obtain Limits 
which will enlighten the Judgment, and always 
contribute to our making a more exact Eſtimation . 


than otherwiſe. 
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PR O B. XI. 


To determine the dj ferent Pelocities or W ays of 


one or more Ships, according to the different | 
— of their Sails, 


139. A Ship under Sail is often times obliged 


to ſlacken or leſſen her Way; either to give ſome 
other Ship Time to come up with her, or elſe run 
a leſs Riſk of Diſaſter in ſome dangerous Part of 
the Sea, And for this Purpoſe the Quantity of 
Sails are leſſened; and that, by the 76th Article, 


will leſſen the Velocity of the Ship in the Ratio of 


the ſquare Roots of the Superficies of the Sails. 


Let us ſuppoſe, for Example, that whilſt a Ship 


fails three Leagues an Hour, her Sails are reefed, 
fo as to leſſen their Superficies by one third Part, 
every thing elfe remaining the ſame; her Velocity | 
in the firſt Caſe will be to that of the ſecond, as 
the ſquare Root of 3, is to the ſquare Root of 2, 


or nearly as 5 is to 4: then we ſay, if 5 gives 4, 


| what will 3 Leagues give? The Anſwer will be 
23 Leagues, which will be the Ship's Run, after 
ner Sails are leſſened by 3 Part. 


140. But if beſides the Diminution of the Sails, 


the reſpective Velocity of the Wind upon the Sails be 
leſſened too; then will the Ship's Ways, by Art. 77. 


be in a Ratio compounded of the ſingle Ratio of the 
relative Velocities of the Wind, and the ſubdupli- 


cate Ratio of the Superficies of the Sails, or as the 


Products of the de Velocity of the Wind 
| into 


the Wo RK INOGS¶VSRHI IS. 
into the ſquare Roots of the Numbers expreſſing 
the Superficies of the Sails. For Example, let the 


relative Velocity of the Wind, in the firtt Caſe be 
expreſſed by 10, and in the ſecond by 7: the 


ſquare Root of the Number expreſſing the Super- 
ficies of the Sails in the firſt Caſe 5; and that in 


the ſecond 4; then will the Velocity of the Ship 
in the firft Caſe be to her Velocity in the ſecond | 
Caſe, as to multiplied by 5, or 50, is to the Pro- 
duct of 7 multiplied by 4, or 28, or as 25 to 14. 
Therefore if the Ship runs 3 Leagues an Hour in 


the firſt Caſe, and you want to find how far ſhe 


will run in the ſecond Caſe, we ſay, if 2 . gives 


3 Leagues, 14 will give 1 League and 43 


As it is e in bad Weather, when the 
Wind becomes too ſtrong; that the Sails are reefed 
or furled, and fo the reſpe&tive Velocity of the 
Wind is almoſt always greater in the ſecond Caſe; 
being the Reverſe of the Example we have but 
now laid down. Let us now ſuppoſe, when the 
Velocity of the Wind in the firſt Caſe is expreſſed 
by 3, it is in the ſecond expreſſed by 10, and the 
ſquare Root of the Number expreſſing the Super- 
ficies of the Sails, being in the firſt Caſe denoted 
by 7, that in the ſecond 1s 5: then according to 
' theſe Ratios, the Ship's Way in the firſt Caſe is to 
her Way in the ſecond, as the Product of 3 multi- 
plied by 7, is to the Product of 10 multiplied by 
5, or as 21 is to 30. Therefore when a Ship runs 
21 Leagues in the firſt Caſe, in ſome certain Time, 
in the ſecond Caſe ſhe will run 50 ny 1 in che 5 
fame Time. 5 


12 141. 
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141. It eaſily appears that for the Velocity of 
the Ship to be the fame in both Caſes, the ſquare 
Roots of the Numbers expreſſing the Superficies 


of the Sails, mult be reciprocally proportionable to 
the reſpective Velocities of the Wind. Becauſe 


then the Products of the ſquare Roots of the Num- 


bers expreſſing the Superficies of the Sails, will be 
equal in both Caſes. If, for Example, the ſquare 


Root of the Number exprefling the Surface of the 


Sails be 7 in the firſt Caſe, and 5 in the ſecond, 
and the Expreſſion of the Velocity of the Wind in 
the firſt Caſe go, but in the ſecond 70: then will 
both the Products be 350, and ſo the Velocities 
of the Ship will be the fame, 


We may likewiſe infer from all this, that when 


the Surfaces of the Sails are known, as alſo the re- 


lative Velocity of the Wind; and the Wind be- 


comes higher, and we really know by the fourth 
Problem, how much or at what Rate it does ſo, 
then it will be eaſy to know, how much the Sails 


muſt be reefed or leſſened, fo as the Ship may con- 


tinue on running with the ſame Velocity ſhe had 
at firſt, or nearly with the ſame Velocity. For the 
Product of the ſquare Root of the Number expreſ- 


ſimng the Superficies of the Sails, and the Velocity 


of the Wind in the firſt Caſe being equal to the 


Product of the Velocity of the Wind into the ſquare 
Root of the Number expreſſing the Superficies of 
the Sails in the ſecond Caſe; if the Product in the 


firſt Caſe be divided by the reſpectiye Velocity 1 
the Wind in the ſecond, the Quotient will give 


the ſquare. Root of the Number expreſſing the Su- 


Per ficies ; 


——— — APN do 
. — M 
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perficies of the Sails in the ſecond Caſe. As ſup- 


poſe 8 expreſſes the ſquare Root of the Superficies 


of the Sails in the firſt Caſe, and 12 be the Velo- 
city of the Wind, and let the Velocity of the Wind 


in the ſecond Caſe be 16. Then, if 96, the Pro- 
duct of 8 and 12, be divided by 16, the Quotient 
6 will expreſs the ſquare Root of the Number ex- 
preſſing the Quantity of the Sails abroad in the ſe- 


cond Caſe. Therefore the Quantity of the Sails a- 
broad in the firſt Caſe will be to the Quantity abroad 


in the ſecond, as the Square of 8 to the Square of 
6, or as 64 to 36, or as 16 is to 9. So that the 
Sails muſt be contracted the l Part of what they 
were at firſt: or, to make the thing more evident, 
their Breadth remaining the ſame, and their Depth 
being 16 Feet, they muſt be drawn up, ſo as to 


have but 9 Feet in Depth. 


142. But moreover, what may be very conve- 


nient for Practice, is, that the Superficies of the 
Sails need not be known, either to determine the 


Ratio between the Ways of the Ship, or keep her 
going on at the ſame Rate; for if the Superfictes 
of the Sails in the firſt Caſe be expreſſed by Unity, 


it is eaſy to perceive by this Method, that the Su- 
perficies of the Sails in the ſecond Caſe, will _be 
expreſſed by a Fraction 3 which will denote the 
Ratio of the Superficies of the Sails in both Caſes, 


In the Example above we have 1 for the Surface 
of the Sails, and 12 for the Velocity of the Wind 
in the firſt Calc, and 16 for that in the ſecond : 


12 


then dividing 12 by 16 ; and the Fraction 45, or 


| } will be the Expreſſion of the ſquare Root of the 


Sails in the ſecond Cale z and (quaring this Fraction 
5 1 # we 
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we ſhall have d, or 22, expreſſing the Superſicies 


of the Sails | in the ſecond Caſe, being the ſame as 


above. 
What is here {aid of one Ship only, 1s applica- 


ble to two or more different Ships, nearly of the 
ſame Form, carrying more or leſs Sails. 


143. If, beſides the Alterations of the Force of 


| the Wind, and the Quantities of the Sails, a Ship 
does alſo change her Courſe ; then Regard muſt 


| | be had to the different Direction of the Wind up- 


on the Sails, which increaſes or leſſens the Ship's 
Way, by the 7oth Article, in the Ratio of the 
Sines of the Wind's Incidence upon the Sails : 
then to obtain the Ratio of the Velocities of the 
Ship in both theſe Caſes, we muſt find the com- 
pound Ratio of the ſquare Roots of the Numbers 


expreſſing the Sails, of the relative Velocities of 


the Wind, and the Sines of Incidence of the Wind 
upon the Sails. In the firſt Caſe, for Example, 
let the ſquare Root of the Expreſſion of the Sails 

be 1, the relative Velocity of the Wind 50, and 


the Angle of Incidence of the Wind upon the 


Sails 45 Degrees, its Sine being 70710. And 
in the ſecond Caſe, the ſquare 3 of the Ex- 
preſſion of the Sails 4, the relative Velocity of 
the Wind 80, and the Angle of Incidence of the 
Wind upon the Sails 30 Degrees, whoſe Sine is 
50000 : then, by the 79th Article, the Veloci- 


ties of the Ship will be in a Ratio compounded 


of theſe three Ratios, or as the Products of theſe 
three Numbers, viz. the Product of 1 multiplied 


by 50, multiplied y 79710, which | is 353 5500 


0 
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to the Product of 5 multiplied by 80, and by 
50000, Which is 1600000. Therefore the Ve- 
locity of the Ship in the firſt Caſe will be to that 
in the ſecond, as 35 35500 is to 1 600000, or near- 
ly as 100 to 45. 
144. Laſtly, if it happens that the Angle of the 
Sails and Keel be different in both thek Caſes ;- 
then in the Tables you muſt take the Expreſſions 
of the Velocities anſwering to the Angles of the 
Sails and Keel, and make a Ratio compounded of 
the ſubduplicate Ratio of the Surfaces of the Sails, 
the ſingle Ratio of the relative Velocities of the 
Wind upon the Sails, and the Ratio of the Ex- 
preſſions of the Velocities found in the Tables: 
this compound Ratio, by the 79th Article, will be 
the ſame as that of the Velocitics of the Ship. If 
the Form of the Ship be ſuch as it may be referred 
to the 6th or 15th Tables, and the Expreſſion of 
the ſquare Root of the Sails in the firſt Caſe be 1, 
the relative Velocity of the Wind 30, the Angle 
of Incidence of the Wind upon the Sails 43 Deg. 
| whoſe Sine is 70710, and the Angle of the Sails 
and Keel 27 Degrees; againſt which Angle in the 
th and 15th Tables, ſtands 665 for the Velocity: 
and in the ſecond Caſe, the ſquare Root of the 
Sails is 3, the relative Velocity of the Wind 80, 
and the Angle of Incidence of the Wind upon the 


Sails 39 Degrees, whoſe Sine is 62932, and the 
Angle of the Sails and Keel 22 Degrees; correſpon- 


dent towhichwe find 588 in the Tables of Velocity. 
| Now it is very eaſy to obſerve, that the Product of 
the four firſtNumbers, VIZ, 1, 50, 707 10, and 66 Lf 

: & 4 is 
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is to the Product of the four ſecond, viz. 3, 80, 


62932, and 588, as 100 to 84. Therefore, if 


the Ship in the firſt Caſe runs 100 Leagues in ſome 
given Time, ſhe will run in the ſecond Caſe not 


more than 84 Leagues in the ſame Time. 


It is proper to obſerve, chat we muſt not here 


expect a rigorous Exactneſs; becauſe the Velocity 


of the Wind being not infinite with regard to that 


of the Ship, it is certain when her Velocity be- 


comes greater or leſſer, the reſpective Velocity of 


the Wind upon the Sails does increaſe or decreaſe 
alſo. But the Quantity thereof will be always very 


ſmall with regard to the abſolute Velocity of the 


Wind; and conſequently to the relative Velocity 


of the Wind upon the Sails, which makes the Er- 


ror become very ſmall, 


ROB. XIII. 


To dirt the We ays run by a Ship i in the 


three Varieties of ſailing, viz. when ſhe 
goes before the Wind, 5 large, and Fs 
upon the Wind. 


145, One of the moſt eſſential things to obtain 


this Compariſon is the Knowledge of the Quantity 


of Sails that a Ship bears, in each of the three 


_ Caſes of her running, And as that Quantity is al- 


moſt always different, not only in different Ships, 


but even in the different Ways of ſailing ! in the 


ſame Ship; we cannot here make a very exact 
Compariſon of the Way run 80 her : but yet it is 


. VA 
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very eaſy for Sea- Officers and Pilots who are aboard 


a Ship, to know the Quantity of Sails ſhe bears. 


And to make the Solution of this Problem more 
evident, let us ſuppoſe a Third Rate Ship Ot War 


to go before the Wind. 


The Fore-ſail 68 Feet broad and 36 455 makes 
2448 ſquare Feet; the Sprit-ſail 49 Feet broad 
and 23 deep, makes 1127 ſquare Feet; the main 
Toop:-ſail 3455 ſquare Feet; and the Main Top- 
gallant: ſail 950 ſquare Feet: the Surfaces of theſe 
Sails being added together gives 7980 ſquare Feet 
of Sail, which the Ship carries when ſhe runs s be- 5 
fore the Wind. 


Now bete 18 the Quantity of Sails nearly that 


the ſame Ship carries, when ſhe runs large, and 


cloſe upon a Wind. 
. ſq. Ft. 
The Main. Git» 75 Feet broad, and 42 deep 3150 
The Fore-fail the ſame as above. ——2448 
The Sprit- ſail the ſame as above, ———— 11 27 
The Main- top-ſail, and d Fore- to -Fail taken 3 
ions. — — — — 15 546 
E The Mizen, —— eas 1400 
The Mizen- rop-ſail — Ry — 958 


The F — — —66⁰ 


The Sum of all theſe Surfaces of FEY is 76 392 | 


We ame this 3 of Sails, as 55 0 that 
which a Ship bears when ine goes la ge, or Te. 


runs near the Wind, 


3 ” Fa 5 Now, 
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Now, all things elſe being equal, the Ways run 


by the Ship, will be to one another, by the preced- 


ing Problem, in the ſubduplicate Ratio of the 


Surfaces of the Sails; fo that if we extract the 


fquare Roots of 7980, and 16392, we ſhall find 
them to be 89 and 128, nearly. Wherefore, in 


this Cale, the Ways run by the * will be as 89 
to 128. 


But when the Angles made by the Sails and Keel 


18 different, we find in our Tables the Expreſſions 


of the Velocities anſwerable to thoſe ſame Angles. 


And moreover, ſince the Angles of Incidence of 


the Wind upon the Sails is different, the Ways run | 
by the Ship will be, by the 72d Article, in the 
Ratio of the Sines of the ſaid Angles, 


Therefore, if we ſuppoſe the relative Velocity 


of the Wind to be the ſame in all the three Caſes, 
_ viz. when the Ship ſails before the Wind, runs 
: large, or runs upon the Wind; her Rates of g- 
ing will, by the 72d Article, be in a Ratio com- 
pounded of theſe three Ratios, viz. the ſingle 
Ratio of the ſquare Roots of the Expreſſions of 
the Sails, the Ratio of the Velocities found in the 
Tables, and the ſingle Ratio of the Sine of Inci- 
| dence of the Wind upon the Sails, or as the Pro- 


ducts of thoſe three Numbers, An Example will . 
5 make this n more evident. . 


An EXAMPLE. 
1 Becauſe when a Ship goes before theWind, | 


the Place to which ſhe is to fail lies directly in the 


5 Line or Courſe of the Wind ; ; the Planes or Sur- 


faces 
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faces of the Sails may be ſet perpendicular to the 
Line of the Wind, which Surfaces will be perpen- 


dicular to the Keel too: conſequently, in this Caſe, 


the Angle of the Line of the Wind and Keel may 
be ſaid to be 180 Degrees, and the Angle of the : 
Sails and Keel go Degrees, and the Angle of In- 
cidence of the Wind upon the Sails go Degrees: 
therefore when a Ship goes before the Wind, we 
| ſhall have the ſquare Root of the Sails — a- 


bovc) to be 89. 


No againſt the Angle made by the Sails and 
1 Keel, we find the Expreſſion of the Velocity in 


our Tables to be 1000; and the Sine of the Angle 


* of Incidence of the Wind upon the Sails will be 
* 100000, the Product of theſe three Numbers be- 


ing 8 900000000, will expreſs the Velocity of the 


q Ship when going betore the Wind. But here it is 
| proper to obſerve, that the Form of the Ships 
ſuch, as that it can be referred to the 15th Table. 


Now let the Ship run large, upon a Courſe 13 


P diſtant from that of the Wind; which will 
make the Angle of the Line of the Wind and 
Keel, to be 146 Degrees 15 Minutes, or omitting 
the Minutes, 146 Degrees, ſuppoſing the Lee- 

Way to be nothing: then in the Table the Angle 

made by the Sails and Keel will be found about 68 


Degrees, and the Angle of Incidence of the Wind 


upon the Sails 78 Degrees: and ſo in this Caſe 
the ſquare Root of the Expreſſion of the Sails, 
found as above, will be 128, and againſt the An- 
gle of the Sails and Keel we ſhall find 956 in the 
8 Seng the VWabeeitr, and the Sine of 
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78 Degrees, the Angle of Incidence of the Wind 
upon the Sails is 97815, and the Product of theſe 


three Numbers being 11969425920, will be the 


Expreſſion of the V clocity of the Ship when ſhe 
gocs large. 
Again, let the Ship fail near the Wind, upon a 
Courſe diſtant from that of the Wind about 3 
Points ; that is, let the Angle made by the Courſe 


of the Ship, and that of the Wind be 58 Degrees; 
then in the 15th Table we ſhall find, in this Caſe, 
the Angle of the Sails and Keel to be nearly 20 


Degrees, the Angle of Incidence of the Wind up- 


on the Sails, 35 Degrees, and the Expreſſion of 
the Velocity 556 ; and ſince in this Caſe, the Lee- 


Way is found to be 3 Degrees ; the Angle made 


by the Courſe of the Wind and Keel muſt be 35 

Degrees. Therefore we have now the three fol- 
lowing Numbers, the ſquare Root of the Expreſ. 
ſion of the Sails, found above to be 128, the Ex- 
preſſion of the Velocity 556, and the Sine 87358 


of 35 Degrees, being the Angle of the Incidence 


of the Wind upon the Sails; and their Product 
4082054144 will be the Expreſſion of the Veloct- 
ty of the Ship running to Windward, 


But fince the Expreſſions thus found of the Ve- 


— lacitice of the Ship when failing before the Wind, 


large, or upon a Wind, are too great, it will be 


proper to bring them within a leſs Compaſs. In 


order to which, let the Velocity when the Ship 


runs large be expreſſed by 100, then ſhall we have 


that wherewith ſhe runs before the Wind, by 
ſaying, if 11969425920 gives 100, what will 
8900090000 
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8900000000 give ? the Anſwer will be nearly 74. 
And to find the Velocity when ſhe runs near the 
Wind, ſay, if 11969425920 gives 100, what 


will 4082054144 give? the Anſwer will be nearly 


34. So that we have got three other Expreſſions 
of the Velocities of the Ship, when running be- 


fore the Wind, large, or upon the Wind, "Wn." 
74, 100, and 34, reſpectively. Therefore, if 


the Ship ſails large 100 Leagues in a given Time, 


ſhe will run but 74 Leagues before the Wind, and 


about 34 upon the Wind, in the ſame Time. 
Which 1s ſufficiently confirmed by Experience, 


and evidently proves the Goodneſs of our Rules, 


General Rules to find the abſolute Forces of 
Water and Wind; particularly that of the 
Water againſt the Prow and Body of a "Os 


and of the WW and againſt tne Sails. 


| Hider the moſt part of the fallowing Rules may 
4 be applied to the working of a Ship, I am of O- 


25 


pinion, that laying Fc down here will be no : 


Deviation from our Subject : they are beſides very 
curious and uſeful, and moſt of them even a Con- 


tinuation of the Uſes of our T ables. But as it is 


not my Deſign to employ any algebraic Computa- 
tions in 1 Uſes; ; I ſhall content myſelf with 


giving only the bare Reſults of the algebraic In- 
veſtigations of the Rules, which are 3 very eaſy 
that a Perſon of a very lender Skill in Algebra, 


may himſelf alone find them out. 


To 
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To find the Force of the Water againſt a Sur 


face of a Foot ſquare, when its Velocity is 
after the Rate of one Foot in a Second, 


147. It is a Principle demonſtrated in Hydro- 


ſtatics, that the Force of Water moving againſt a a 
plane Superficies, is equal to the Weight of a So- 
lid of Water, whoſe Baſe is the Surface ſtruck a- 
gainſt, and Heighth that from whence the Water 
5 falling down upon it acquires a Velocity equal to 
that where with the Surface was ſtruck. This being 


granted, to find the Force of the Impulſe of Wa- 


ter, when its Velocity i is given; the Height of that 
Solid muſt be found, hots Weight Sing the Ratio 

to that of a cubic Foot of Water, which we ſup- 
| Pole to be 70 Pounds, and that Height will expreſs 
the Force of the Impulſe of the Water. Now ſee 
how we find the Height of this Solid. It is known 


by Experience, that a heavy Body, whether ſolid 


or fluid, as Water, falls perpendicularly down 
14 (Paris) Feet in one Second; and we know, 
that if a Body be moved with a uniform Velo- 


city, equal to the Velocity it has acquired at the 


End of the Fall of 14 (Paris) Feet, that uni- 


form Velocity will give 28 Feet in one Second. 
But it is demonſtrated in moſt Treatiſes of the Mo- 
tion of Water, that the Velocities of Water falling 


down, are as the ſquare Roots of the Heights from 


whence it falls: therefore to find the Height from 
whence Water muſt fall, ſo as to acquire a Velo- 
city of one Foot in a Second, we ſay, as the Square 
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of 28, being 784, is to the * of 1, which is 
1; ſo is 14 to the Heighth 7 or # ſought. Con- 
ſequently the Heighth of the Solid of Water, 
whoſe Weight gives the Value of the Force of the 
Impulſe, with its Velocity of one Foot in a, Second, 
will be z of a Foot. But the Surface being a 
Foot ſquare, the Solid will be u Part ©” 2 cubic 
Foot of Water, or of 70 Pounds, whic:: gives 
I Pound and 3 +, Or 20 Ounces. 


To find the Force 71 the Wind againſt a Sur- 
we of one Foot ſquare, its V. Ty bet ng 


one F oo in 4 Second. 


| 2148; Acaiding to the N of Mr. 
Marriote, in order for the Impulſe of the Wind 


do be equal to that of Water againſt the ſame Sur- 


face, or equal Surfaces; the Velocity of the Wind 


muſt be 24 times greater than that of the Water. 


But, by the ſecond Article, the Impulſes of Fluids 


are as the Squares of the Velocities. Therefore 
the Impulſe of the Wind whoſe Velocity gives one 
Foot in a Second, is to that of the Wind with a 
Velocity of 24 Feet in a Second, as the Square of 
1, is to the Square of 24, or as x is to 376. But 
ſince the Impulſe of the Water with a Velocity f 
one Foot in a Second, is equal to that of the Wind 
of twenty-four Feet in a Second; it is evident, if the 
Water and Wind had both a Velocity of one Foot 


in a Second, the Impulſe of the Water would be to 


that of the Wind againſt the ſame Surface, as 976 
18 to Iz therefore if the Wind and Water ſtrike 
againſt 


— <o—m—————R—n — _ 
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againſt equal Surfaces, with equal Velocities, and 
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under equal Angles of Incidence, the Magnitude 


of the Stroke of the Water will be 576 times 


greater than that of the Wind. | 
The aforeſaid Ratio of 576 to 1, is (as we have 


_ obſerved in the Memoirs of the Academy of 1729, 


at page 388.) the ſame as that of one Ounce to 


one Grain : that is, if the Stroke of Water gives 
Ounces, that of the Wind will only give Grains, 
every thing elle being equal. So the Impulſe of 


Water upon a Foot. ſquare with the Velocity of 


one Foot in a Second, being 20 Ounces, that of 


the Wind upon one ſquare F oot, with a Velocity 


of one Foot in a Second, will be 20 Grains. 


149. And thus you ſee the Reaſon of the Con- 


ſtruction of my firſt Table of entire Forces, and 
lateral Forces perpendicular, and parallel to the 
Direction of the Water, to all the Angles of In- 
cidence, for every 30 Minutes, which is effected 
by taking the greateſt entire Force 20 Ounces for 
Water, and 20 Grains for Wind: by which Means 
this Table equally ſerves for Water or Wind; but 


to avoid Fractions, inſtead of 20 we have taken 


20000; that by ſo doing, the Fractions omitted 


may become leſs than the 1000th part of an Ounce 


for Water, and the 1000th part of a Grain for 


the Wind. By this Table we may find the entire 
Forces of oblique Strokes, and lateral perpendicu- 
lar and parallel ones, with extreme Eaſe, as we are 
going to ſhew in the following Examples. 


150. Let a plane Surface of 64 Feet ſquare be 


ſtruck, under an Angle of Inclination of 40 De- 


Sees, 
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grees, with a Velocity of 10 Feet in one Second: 
then to get the whole Force of the Impulſe, we 
muſt firſt take 8264 over againſt 40 Degrees in 


the Table, and multiply it by 100, the Square of 


the Velocity, and we ſhall have 826400; which 


being multiplied by the Number of the ſquare Feet 
in the Snrface, viz. 64, and the Product 52889600, 
will be the Value of the Magnitude of the Force, 
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which, by dividing it by 1000, or cutting off the 


three laſt Figures, may be reduced into Ounces for 


Water, and into Grains for Wind. We have 
therefore 52 886 Ounces for Water, or 330% Pounds 
9 Ounces and 3. But if it be for Wind, we 1 
duce the 52889 Grains into Pounds by the com- 


mon Method of Reduction; which will be 5 


Pounds 11 Ounces 6 Penny- weights, and 42 4 
| Grains, expreſſing the Magnitude of the Impulſe n 
of the Wind, upon a Surface of 64 Feet, with a 


Wind of 10 Feet Velocity in one Second of Time, SD 


its ts Angle of Incidence being 40 Degrees. 


c 151. If inſtead of the whole Force, the lateral | 
© Force: parallel to the Direction of the Water or 


Wind be only wanted. Over-againſt 40 Degrees 


will be found 5312, expreſſing the lateral parallel 
Force of the Water or Wind upon a Foot ſquare, 
with a Velocity of one Foot in a Second: but the 


Velocity being ſuppoſed 10 Feet, and the Magni- 


tudes of the Strokes being as the Squares of the 


Velocities: it is evident that 5 312 muſt be multi- 
| plied by 100, the Square of 10, to obtain 531200 


for a ſquare Foot; fo that the Surface being 64 


| Feet, we muſt multiply 531200 by 64, and the 


=  Froduch 
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Product 8 396800 being divided by 1000, will give 
8396 Ounces for Water, and ſo many Grains for 


Wind, which reduced into Pounds will be 524 
Pounds 12 Ounces ? ſor Water, and 14 Ounces 
4 Penny-weights and 42 Grains for Wind. 
-." "00: The Operation i is the ſame for the perpen- 


dicular lateral Force; for in the Table over-againſt F 
40 Degrees, is found 6345, expreſſing the perpendi- | 


cular lateral Force, which in this Example muſt be 


; multiplied by 100, and the Product by 64, and hav- 


ing cut off the three laſt Figures to the right hand, 


there will ariſe 40608 Ounces for Water, and the - 
like Number of Grains for Wind. YN 
It is proper to obſerve here, that ſince theſe | 
Computations are founded upon the ſpecific Gra- 
vities of Water and Air; thoſe of the Water are 


much more certain and exact than thoſe of the 


Wind, becauſe the Weight of Water is much 


better known than that of the Air: for although 


we have taken the Ratio of the Weight of Wa- 


ter to that of Air, to be as 576 to 1, according to 


the Experiments of Mr. Marriote, yet the greater 
Part of Philoſophers make the Air to be much 


lighter, and that Ratio to be as 8 or goo to 1, 


and even fay it is variable, according. as the Air is 
more or leſs denſe. 


I ſhall not here ſtay to explain the ſeveral very 


uſeful Problems that may be ſolved by our firſt 


Table, fuch as computing the Forces of Wind- 


mills and Water-mills, &c. when the Surfaces o - 
their Sails and Ladles are 1. 


157 
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153. If the Prows of Ships conſiſted of ſeveral 
plane Surfaces differently inclined, it would be eaſy 
to know all the Effort of the Reſiſtance of the 


Water againſt the whole Prow, by taking the la- 
teral Effort parallel to the Direction of the Water 


or Courſe of the Ship, againſt every ſmall Surface 
according to its Magnitude, and Inclination, the 
Velocity of the Ship being known, and then the 
Sum of all the Efforts, will give the Reſiſtance 
that the Ship ſuffers in cutting the Water with her 
Prow, when there 1s none, or but a very little 
Lee-Way. 
If, onthe contrary, the Curratures of the Pon 
I were regular, and their Surface could be taken for 
2 part of a Conoid, generated by the Revolution 
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of a Curve of a known Nature; then by the The- 


b _ ory of the Impulſes of Fluids againſt curve Surfa- 
ces; the whole Force of the Reſiſtance of the 
Water may be known, as Mr. Bouguer has 
| ſhewn how to find, in his Treatiſe of Maſting. 
This Way is doubtleſs the moſt natural and ele- 
= gant 3 but it is liable to two conſiderable Inconve- 
niencies; firſt, the curve Surfaces of the Prows 
are irregular, and ſecondly, if they were not, we 
| ſhould almoſt always fall upon ſuch Fluxions whoſe = 
| Fluents cannot be obtained in finite Terms, and 
withal would afford but a very confuſed Idea of 


what is to be found. Therefore the ſhorteſt Way 


g is to ſuppoſe the curve Surfaces of the Prows to be 


made up of a great Number of little plane Surfa- 


| ces, either triangular, or of ſome other Figure at 
* Pleaſure ; and the Sum of the Efforts againſt all 
%%% - 


* 
| 
| 
| 1 
* 
1 
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| theſe Surfaces, will be nearly equal to the Effort 


of the Reſiſtance of the Water againſt the whole 


Prow, or of the Reſiſtance that the Ship finds 1 in 
cutting the Water. 


1:4. After having found by this Method the 


Reſiſtance of the Water againſt the whole Prow 
of the Ship, it will then he very eaſy to find the 
' Magnitude of a plane Surface, againſt which ſuch 
an Effort ſhall be made as is equal to that made a- 
gainſt the whole Prow ; and then compare that | 
Surface to that of the Plane of the Section of the 
| Fore-part of a Ship cut through perpendicular to 


the Keel, or ſo much of that Plane as extends from 
the Keel to the Level of the Water. 


We call the plane Surface, againſt which an Effort 


is made equal to that upon the whole Prow, the 


Reduced-Plane; which it is evident will be ſo much 


the leſs, with reſpect to the Plane of the Section 
of the Ship, as the Model or Make of the Prow, 
: approaches the nearer to the curve Surface of the 


leaſt Reſiſtance in cutting the Water found out by | 


Geometricians, or as the Ship is a prime Sailer. 


In common Veſſels the ſaid Reduced-plane is 


nearly between + and v of the Section of the Sup,” 


as we hope to make appear better hereafter, but 


here we ſhall take it to be 5 of the whole Plane. 
So that a firſt rate Ship of War, being 44 = Feet 
broad, has the whole Plane of the vertical Section 
of the Prow perpendicular to the Keel, nearly 695 


Feet, the ninth Part whereof, being 763 5, or 77 


Feet, vill expreſs the reduced Plane, 
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155. The Value of the Reduced-plane being 
found, it will then be eaſy to know the abſolute 
Force of the Reſiſtance of the Water againſt the 
Prow of the Ship, its Velocity being known in 


the Feet moved in a Second of Time. And the 


Ship's Velocity in Feet moved in a Second may be 


found by knowing the Way ſhe makes in an Hour; 


for if this be a Sea-League, or 2850 French Fa- 


thoms, the Ship will run 2850 Fathoms, or 17100 
1 Feet, in an Hour, or 3600 Seconds, which will 


give a Velocity of 44 Feet in a Second. But to 


ſave the Trouble of Calculation, we have put down 
the following little Table, wherein you have the 
| Velocities of a Ship in one Second, in Feet and 
Parts, anſwering to the Velocities in an Hour, for 


i e 3 of a League. 
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156. If the Way of a Ship be two Leagues in 


one Hour, we ſhall find in the Table 9 Feet of 


Velocity in a Second; but the Impulſe of the Water 
againſt a Surface of one Foot, with a Velocity of 


one Foot in a Second, being 20 Ounces, it is evident, 


that to obtain the whole Force of the Reſiſtance 


which the Ship ſuffers in cutting the Water with 


ö her Prow, we muſt multiply 20 Ounces by the 


Square of 9 2, which is 242, and the Product 1805 
Ounces, will expreſs the Reſiſtance the Ship ſuffers 


N in cutting the Water, if its Reduced-Plane were 
one Foot ſquare; but that Plane being 77 Feet, 


we muſt multiply 1805 by 77, and the Product 
138985 Ounces, or 8686 Pounds 9 Ounces, will 


be the Expreſſion of the whole Force of the Re- 
ſiſtance that the Ship finds in cutting the Water. 
This Force, as we have already obſerved in the 
13th Article, is always equal, and directly contrary 


to that of the Wind againſt the Sails. 


135). But the relative Velocity of the Wind 
ftriking againſt the Sails being known, together 
with the Angle of Incidence of the Wind, and the 
Superficies of the Sails, if you be curious to know - 
nearly the whole Force of the Wind againſt the 
Sails, without finding the Force of the Water a- 
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gainſt the Prow of the Ship; in the firſt Table 


you muſt find the whole Force anſwering to the 
Angle of Incidence of the Wind upon the Sails, 
and multiply that by the reſpective Velocity of the 
Wind, and the Product by the Surface of the 
Sails, and then divide the laſt Product by 1000, 
. and the Quotient will be the whole Force of the 


K 4 by Wind 
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Wind againſt the Sails in Grains, which may be 


reduced to Pounds. 


158. When the Sails of a firſt rate Ship of War 
are all ſpread ; their Surfaces all together are near- 


ly 15480 ſquare Feet: and if the relative Velocity 
of the Wind againſt the Sails be 30 Feet in a Se- 


cond, and the Angle of Incidence of the Wind 


upon the Sails 80 Degrees; we ſhall find 19397 ; 
againſt 80 Degrees in the firſt Table, which being 
multiplied by 900, the Square of 30, and the 
Product by 15480, the Surfaces of the Sails: and 
laſtly, having divided this laſt Product by 1000, 
the Quotient 270432974, will expreſs in Grains 
the whole Force of the Wind upon the A} be- 
ing 29343 Pounds and 14 Ounces. 


| Becauſe that Force is much greater than the Re- 


oy ſiſtance of the Water when the Ship runs two 


Leagues an Hour, it is evident the Velocity of 


the Ship is greater, every thing elſe remaining the 


ſame, than we ſuppoſed it to be. 6 
159. Now knowing what Velocity the Ship has, 
ſo as her Reſiſtance in cutting the Water be 


29343 Pounds 14 Ounces, or 469502 Ounces ; 
and ſince we have ſeen above, that the Reſiſtance 
the Ship finds as ſhe cuts the Water, conſiſts of 
three Products, viz. 20 Ounces, the Reduced- 
plane 77 Feet, and the Square of the Velocity; 
it is -evident, if the Magnitude of the Reſiſtance 


the Ship finds as ſhe cuts the Water, which is here 


taken to be 469502, be divided by 1540, the _ 
Product of 77 multiplied by 20; the Quotient 
304 2675 will expreſs the Square of the Velocity of 


the 
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the Ship in Feet. per Second. But the ſquare 


Root of 304 53, is nearly 17 23 Feet. Which 


ſhews from the Table aforeſaid, "that the Ship's 
Way, in this Caſe, is 33 Leagues in one Hour. 


We doubtleſs find this Velocity to be conſiderable, 
but it muſt be obſerved, that all the Sails are 
ſpread, and in this Suppoſition we have taken the 


137 


Angle of Incidence of the Wind upon the Sails 


very great. 


1860. If all this be made more ate by omit- 
ting the abſolute Force of the Wind upon the Sails, 


and the Reſiſtance of the Water, it is evident, 


if the Denſities or ſpecific Gravities of Water and 


Air were equal, the Product of the Square of the 


Velocity of the Ship into the Reduced-plane, 
would be equal to the Product of the Square of the 
relative Velocity of the Wind, into the Surfaces 
of the Sails, and that ſuppoſing the relative Velo- 
city of the Wind upon the Sails were alone equal 
to the Velocity of the Ship; then the Reduced- 
plane would be equal to the Surfaces of the Sails. 
But fince the ſpecific Gravity of the Water is 376 
times greater than that of the Air, in order for tie 
Velocity of the Ship to be equal to the reſpective _ 


Velocity of the Wind moving againſt the Sails ; 


the Surfaces of the Sails ought to be 576 times 


greater than that of the Reduced-plane. And in 
this Caſe, the relative Velocity of the Ship being 


the ſame as the relative Velocity of the Wind upon 
the Sails, that Velocity will be equal to one half 


the abſolute Velocity of the Wind. 


161. 
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161. It is eaſy to conclude from the whole of 


what has been ſaid, that the Product of the Square 
of the reſpective Velocity of the Wind, into the 
Surfaces of the Sails, being divided by 576, will 


be always equal to the Product of the Ship's Ve- 
locity into the Reduced- plane: but ſince the ſquare 
Roots of equal Numbers are equal, therefore if the 


8 Product of the relative Velocity of the Wind into 


the ſquare Root of the Surfaces of the Sails, be di- 


vided by 24; the Quotient will be always equal to 


the Product of the Velocity of the Ship into the 
Reduced- plane: conſequently, the ſaid two equal 
Products may be conſidered as made up of four 


Quantities, viz. the reſpective Velocity of the 


Wind, the ſquare Root of the Sails divided by 
24, or the ar Part of the Root of the Sails, the Ve. 
 locity of the Ship, and the ſquare Root of the 


Ns Reduced- plane. But as theſe four Quantities al- 


ways make two equal Products, they may be re- 

duced into a Proportion, and three of them being 

given, the fourth may be found, as you will kee 1 in 
the followin 8 Rules. 


Rur Es to find the Velocity of a Ship. 


162. When the Surface of the Reduced- plane, 
thoſe of the Sails, and the reſpective Velocity of 
the Wind upon the Sails, are given ; the Ship's 
Velocity may be found by the following Proportion; 
as the ſquare Root of the Reduced-plane is to the 
xt Part of the ſquare Root of the Sails, ſo is the 

DONG re- 
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reſpective Velocity of the Wind, to the Velocity 
of the _ 


An EXAMPLE. 


16; 3. Let the Reduced-plane be 77 Feet, its 
ſquare Root is nearly 8 Ys, or +25, and the Sur- 


face of the Sails 1 5480 Feet; then its ſquare 
Root 124 , or ids, being divided by 24. 
gives nearly 123. 


If the Velocity of the Wind be 30 Feet in a 
Second, we ſay, if 188 gives 188, or 877 gives 


518, what will 30 give? The Anſwer will be 1 7 
Feet, and about +; which will be the Velocity of 


the Ship, and this Velocity in the Table —_ | 


will be found to give ny 3 CT and +4 
; Hour. 
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plane. 


164. When the Velocity of the Ship, the Velo- 


city of the Wind upon the Sails, and the Surface 


of the Sails are given, the Expreſſion of the Re- 
duced-plane, may be found by this Proportion, 
being only the Inverſe of that aforegoing, viz. as 


the Velocity of the Ship, is to the reſpectire Velo- 


city of the Wind upon the Sails, fo is the x7 part 5 


of the ſquare Root of the Sails, to the ſquare Root 
of the Reduced-plane, 


If the Velocity of the Ship be 3 2 Leagues an 

Hour, that Velocity in the Table being 17 Feet 

28 in a Second, the relative Velocity of the Wind 
33 ne ed: 30 
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30 Feet, and the #7 Pt of the Root of the Sails 
dee: we fay, if 17 18, or 218, gives 30, what will 
535 | ive? The Anſwer will be nearly 188, being 


the ſquare Root of the Reduced- plane; the Square 


of which being between 76 and 77, will be the 


Value of the Reduced- plane itſelf. 
165. When the Surfaces of the Sails, the Re- 
duced-plane, and the Velocity of the Ship are given, 


it is very ealy to find the relative Velocity of the 
Wind upon the Sails: as well as when the relative 
Velocity of the Wind, that of the Ship, and the 


Reduced- plane, being given; the Surfaces of the 


Sails may be found. For in the firſt Caſe we ſay, | 
as the 27 part of the ſquare Root of the Surfaces of 


the Sails, is to the ſquare Root of the Reduced- 


plane; ſo is the Velocity of the Ship, to the re- 


ſpective V elocity of the Wind; and contrariwiſe, 
in the ſecond Caſe, we ſay, as the relative Velo- 


| city of the Wind, is to that of the Ship, fo is the : 


ſquare Root of the Reduced-plane to the x part 


of the ſquare Root of the Sails. 


166. In order to make the Abet Rules more 


ſimple, we have ſuppoſed two things, which can- 


not both happen at the ſame time in the Practice. 
One of which is, that the Angle of Incidence of 


the Wind upon the Sails is a right Angle, being 


the Caſe where the Ship fails directly before the 


Wind; and the other, when ſhe carries all her 
Sails ſpread; but when ſhe runs before the Wind, 


| the Sails of the hindmoſt Maſts, do prevent the | 


Wind from falling upon thoſe of the foremoſt 
Maſs; and ee when the Angle of In- 


- cidence 
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cidence of the Wind upon the Sails is a right An- 


gle, the Ship cannot carry all her Sails, but when 


| ſhe does fo, the Angle of Incidence of the Wind 


muſt be acute. Let us firſt ſuppoſe the Angle of 
Incidence of the Wind to be a right Angle, or the 
Ship to run directly before the Wind: in this Caſe, 
| Inſtead of having 15480 Feet of Sails, there are 
only about 7536 Feet, the ſquare Root of which 
is nearly 5383 ; then, as we have before obſerved, 
that {quare Root muſt be divided by 24 ; and the 
alu 333 will be had inſtead of 432: ſo that 
s muſt be put in the preceding Rules inſtead of 


10 
228 
10 


ole (4) 


6 for Example, we propoſe to "find the Velo- 


eity of the Ship, when the Surface of the Redu- 


ced- plane, thoſe of the Sails, and the reſpe&ive 


| Velocity of the Wind are given: we fay, as the 

| ſquare Root of the Reduced-plane, ſuppoſed above 
to be 188, is to the ſquare Root of the Surfaces : 
of the Sails divided by 24, found to be 452, or as 


877 is to 362, lo is the reſpective Velocity of the 


Wind, which we ſtill make to be 30 Feet in a Se- 
cond, to the Velocity of the Ship, being about 


12 * Which Veocity will give in the Table be- 
' tween 2 4 and 2 & Leagues in an Hour. 


167. Now if the Ship runs with all her Sails 


2 abroad, for which Purpoſe the Angle of the Inci- 


| dence of the Wind upon the Sails is acute; in this 
| Caſe the Action of the Wind upon the Sails will 


be lefſencd in the Ratio of the Square of the Ra- 
dius to the Square of the Sine of the Angle of 
the Incidence of the Wind upon the Sails, And 

; thoſe 


142 Be ELEMENTS of 


thoſe of a very ſlender Skill in Algebra, will eaſily 
ſce, that the Product of the Square of the reſpec- 
tive Velocity of the Wind into the Surfaces of the }F 
| Sails divided by 576, and by a Fraction whoſe 
. Numerator is the Square of the Sine of Incidence 5 
1 of the Wind upon the Sails, and Denominator 
the Square of the Radius. I fay, they will eaſil7 
obſerve, that the Product of thoſe three Quanti- 
0 ties, is equal to the Product of the Reduced- plane 
Wo into the Square of the Velocity of the Ship. If 
the ſquare Root of each Product be extracted, we 
ſhall get two new equal Products; the firſt of the 
reſpective Velocity into the ſquare Root of the 
Sails divided by 24, and by the Sine of Incidence 
of the Wind upon the Sails, divided by the Ra- 
dius; and the ſecond, of the ſquare Root of the 
Reduced - plane into the Velocity of the Ship. And 
if theſe two equal Products be brought into an 
Analogy, one of the Terms of the Proportion be- 
ing the Product of the r part of the ſquare Root of 
the Sails into the Fraction, whoſe Numerator is the 
Sine of the Incidence of the Wind upon the Sails, 
and Denominator the Radius; the other Terms of 
the Proportion will be all ſingle: for if this here 
be the firſt, the ſecond Term wil be the ſquare 
Root of the Reduced- plane, the third the Velocity 
of the Ship, and the fourth the reſpective Velocity 
of the Wind; three of which being known, the To 
fourth may be found by the Golden Rule. 
If, for Example, the Velocity of the Ship be 
wanted, the ſquare Root of the Reduced- plane be- 
ing det, the * V clocity of the Wind upon 
7 the 
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tbe WoRKiNnG of SAIISõ. 
the Sails 30 Feet, the ſquare Root of the Sails di- 


vided by 24, is, and the Angle of Incidence of 
the Wind upon the Sails 63 Degrees, whoſe Sine 
89100 being W by the Radius, gives the 


89100 


Fraction #5655, or rv%5 : we muſt then multiply 


#33 by 196, and the Product is 483423, and ſay, 


by the Golden Rule, As the ſquare Root of the re- 

duced Plane 155, is to the Product of the 2c part of 
the ſquare Root of the Sails, multiplied by the Ra- 
dius, viz. #53385; ſo is the reſpective Velocity of 
the Wind, being 30 Feet in one Second, to the 
Velocity of the Ship, which upon finiſhing the 
Rule will be found to be about 15 Feet and 1%; 


anſwerable to which in the Table, you will find a 


little more than 3 Leagues and + per Hour. 


168. When a Ship runs before the Wind, or 


| even a little large, the abſolute Velocity of the 


Wind is equal to the Sum of the relative Velocities 
of the Wind upon the Sails, and of the Ship. As 
in the firſt Example aforegoing, the abſolute Ve- 

: locity of the Wind, is equal to the relative Velo- 
city of 30 Feet in a Second, plus the Velocity of 
the Ship 12 Feet 5, or 42 Feet 3. And in the ſe- 

| cond Example, the abſolute Velocity of the Wind is 

30 Feet, plus 15 Feet vs, or 45 Feet i in a Second. 

But when the reſpective Velocity of the Wind 

upon the Sails is unknown, when the Ship runs 

before the Wind; the following Rule will give us 
the abſolute Velocity of the Wind, when the Ve- 

| locity of the Ship, the reduced Plane, and the Sur- 

faces of the Sails are given, 


As 
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As the ſquare Root of the Surfaces of the Sails, 


is to a Sum made up of 24 times the ſquare Root 
of the Reduced-plane, plus the ſquare Root of 


the Sails ; ſo 1s the Velocity of the Skip to the 
abſolute Velocity of the Wind. 


An EXAMPLE, 


[Lot the ſquare Root of the Sails be won, the -M 
ſquare Root of the Reduced-Plane 165, and the | 
Velocity of the Ship 12 Feet in a Second. 


If the ſquare Root of the Reduced-plane £77 be 


29222. 


gives 1885 Then ſay, according to the Rule, 
As the . Root of the Sails 758, is to the 
Sum 21582; ſo is the Velocity of the Ship 12+ 
Feet (in a Second), to the abſolute Wen of the 


Wind; which will be found to be about 42 4 Feet. 


It the Ship does not run directly before the 
Wind, or the Angle of Incidence of the Wind 
upon the Sails be acute : the abſolute Velocity of 
the Wind may be found by the following Rule, 
when the Surfaces of the Sails, that of the Re- 


duced- plane, the Angle of Incidence of the Wind 


upon the Sails, and the Velocity of the Ship, be 
all given, viz. as the ſquare Root of the Sails, is 
to the Sum of 24 times the ſquare Root of the 
Reduced- plane, multiplied by the Radius, and di- 

vided by the Sine of the Incidence of the Wind | 

upon the Sails, and the ſquare Root of the Sails; |} 
ſo is the Velocity of the Ship, to che abſolute Ve- 
locity of the Wind, i 4 


An 


hp, 


multiplied by 24 3 we ſhall have 1889, which be- | 
; ng added to the ſquare Root £535 of the Sails, 


the WORKING of SHIPS. 


An EXAMPLE. 
We ſuppoſe in this Example, the Ship to ry 
much Sail, by reaſon of the Obliquity of the als 
and Wind, and ſowe ſhall here take the ſquare Root 


of the Sails to be 32; the ſquare Root of the 


Reduced-plane 122, the Angle of Incidence of the 


Wind upon the Sails 63 Degrees; whoſe Sine is 


89100, and the Velocity of the Ship 15 5, or 
A: then to get the compound Product, we mul- 


tiply the ſquare Root of the Reduced-planc 10 


by 24, and the Product £3885, by the Radius 
100000; and this laſt Product 21048000, being : 


divided by the Sine of Incidence 89100, the Quo- 


23622 


tient is £3837, to which muſt be added the ſquare 
Root of the Sails 218823 z and the Sum 884, will be 


re the compound Product. Then ſay, As the ſquare 


Root of the Sails 27842, is to that compound Pro- 


duct 22864; fo is the Velocity of the Ship 188, to 
the abſolute Velocity of the Wind : which will be 


found to be 45 is Feet. 


169. If the abſolute Velocity of the Wind be 
| known, and that of the Ship be required ; it is 
evident that the Rules we ought to follow in both 
Caſes, viz. when the Ship runs before the Wind, 
and when ſhe runs large, are only the Reverſe 
of thoſe aforegoing. So that to find the Ship's 


| Velocity in the firſt Caſe, we ſay, As the Sum of 
24 times the ſquare Root of the Reduced-plane, 


and the ſquare Root of the Sails, is to the ſquare | 


Root of the Surfaces of the Sails, ſo is the abſo- 
. 


lute . 
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late Velocity of the Wind, to the — of the 


Ship. 


An EXAMPLE. 

The compound Sum being, found to be 22222, 
the ſquare Root of the Sails ,, and the abſolute 
Velocity of the Wind 42 + Feet. We fay, If 
2e gives - "Ids what will 42 4 give? The An- 
ſwer will be 12 x Feet in a Second, being the Ve- 


| locity of the Ship. 


Laſtly, to find the Velocity of the Ship i in 4. 


ſecond Caſe, we ſay, As the compound Sum above 


is to the ſquare Rout of the Sails, fo is the abſo- 


lute Veloaty 9175 the Wind, to the Velocity of the 
OP 


An ExanyLe, 


The compound Product found as above! is 47884. 


Then we ſay, As 21884, is to the ſquare Root of 
the Sails 41883, fo is the abſolute Velocity of the 


Wind, ſuppoſed to be 45 1 Feet, to the Velocity 
of the "ly which will be found to be IS Feet, 
and about 1's. 

Theſe laſt Rules may ſerve to find the 3 
Velocities of Ships, which 1 in our Tables we have 


N — by x 1000. 


An OrsrRRvATIox. 


We might have here added ſeveral more Rules, 


but thoſe we have given already, are enough co 
thew the Ute of our Tables, N 


15 


the WORKING of SUITS. 
1 foreſee that Scamen will And it difiicu't to ſet 


their Sails according to the Angles denoted in the 
Tables; but I am perſuaded thoſe who love their 
Art, will always prefer exact Solutions to a ran- 


dom Practice; and, by ſome Means or other, find 


out Ways of putting the Yards and Keel of a S! hip 


nearly into ſuch Situations, as may be anſwerable 


to the moſt advantageous Angles in the Tables 

for her ſailing upon a given Courf:, I ſay nearly, a 
for it would be much to ſet them always lo as to 
come within 4 or 5 Degrees of thoſe Angles. If 


there ſtill remain other Difficulties, I ſhall i in time 


to come ſhew how to ſurmount them, after having 
made the Trials upon the Ships for this purpoſe, 
The thing of the moſt Conſequence is, how to know 
exactly the Angle made by the Line of the Wind 
and the Keel of a Ship. Becauſe, as we have ſeen, 
that Angle ſerves as the Foundation of the Uſe of 
the Tables, as well as the Reſolution of almoſt all 


the Queſtions 1 in the Art of the working of Ships. 


And ſince the Ways uſed by Pilots to find that 


Angle, are not ſufficiently exact, Mr. Dons-en-bray 


of the Royal Academy always buſied in promot- 
ing Arts and Sciences, has contrived a very ſimple 
Machine for this Purpoſe, whereon are ſhewn that 
Angle at all times, as well as the Angle of the 
Meridian of the Compaſs, and the Line of the 
Wind, and the Angle of the Meridian of the Com- 
paaſs and the Keel 'of the Ship. The Deſcription 

of which Inſtrument may be ſeen in the Memoirs 
of the Academy for the Year 1731. This Gen- 
7 tleman, moreover, found out ſeveral Inſtruments, 

3 ſhewing 
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ſhewing how to find at any time the Name and 
Velocity, or relative Force of the Wind ; all dif- 


ferent from that mentioned in the 110th Article, 
which he deſigns to make public. 


I ought, moreover, to give notice, that if the 


Forms of the Ships upon which my Tables are 


conſtructed, be found to differ too much from the 


real ones of the. ordinary Ships as now built. 1 
ſhall hereafter taxe the horizontal Sections of the 


Hulls of Ships themſelves, and upon them con- 


ſtruct new Tables, which may be added to theſe; 


thinking myſelf very happy, if my Endeavours 


can at all contribute towards bringing che Art of 
: Navigation to Perfection. 
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3. Loſth. If the Sines of the bs of Incidence, 
the Velocities, and the Surfaces, be unequal, the 
impreſſed Forces will be in a Ratio compounded of 
the duplicate Ratio of the Sines, the duplicate Ra- 
tio of the Velocities, ang the ji ngle Ratio of the 
| Surfaces. p. 
9. The Direction occording “o which a Surface tends 
<wh:n Puſhed by a Fluid, is always perpendicular 


A TABLE of the ARTICLES. 
Ratio of t5e Sines of the Angles of Incidence, 
P-. 3 


6. Tf the Surfaces be unc nat; as alſo the Angles of 


Incidence; the Strokes will be in a Ratio com- 


pounded of the ſingle Ratio of the Surfaces, and 
the duplicate Ralio of the Sines of the Angles of 
Incidence. > ite $- 
. When the Pelecities and Angles of Incidence are 


unequal, the Forces impreſſed, are in a Ratio com- 
pounded of the duplicate Ratio of the Velocities, 


and On . the Sines * the Ang les of Incidence. 


P-. 3 


to that Surface. p. 3 


10. The Ratio between the For Ces of the Impreſſ Jons 


upon different Surfaces, may be expreſſed by Lines. 
. 4 


8 I 1. The mean T endency between thoſe of ſeveral Sur- 
faces, ſrruck by a Fluid at the ſame time. p. 4 
12, The mean Tendency of a curve Surface. P. 5 
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'$ 8 ©. 1, 
13. Toe . Principle of the whole T heory of the 
_ working of SHIPS. | P. 6 


14. The Line of a Ship? s Corſe cannot be parallel 
to the mean Line of the moving Force, unleſs 


_ when ſhe runs before the Wind. „ Be 
15. If a Ship were quite round, thoſe Lines would 
be always parallel. „ 


16. The Line of a Ship's Courſe would be always in 
the Direction of the Keel, if the Reſiſtance againſt 
her Head as ſhe goes through or cuts the Mater, 
deere nothing, or infinitely ſmall, p. 7 
17. But the ſaid Reſiſtance being not ſo, the Veſſel 
muſt ſteer along a mean or middle May. p. 7 
18. What we are io — ” the Lee. Way of 
a Ship. _ p.8 


= 19. What is the principal Olea of the Theory of 


the working of a Ship. VfL 
20. What is meant when wwe 4 a Ship 1 runs before 
the Wind; runs with the Wind upon the Beam; ; 
runs large; and runs upon n Wind. „ 
21, 22. What is to be underſtood when wwe ſay, a 
Ship keeps her Wind, or goes equally ts windward, 
goes upon the Wind, or gets upon the Wind, and 
falls to Leeward, or from the Wind, pi. 9 
23. Of the moſt advantageous Angle made by the 
Line of the Wind and the Keel, when a Ship ſai(s 
upon a Wind, and the Diſadvantages of keeping 

| her up too cloſely to the Wind,  p-10 


24. 
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24. Unio what Point, when a Ship ſails upon a 
Wind, ſhe can be kept cloſe, or the leaſt Angle 
that ber wa ts can Mace with that of the Wind. 

p. IT 

25. It weld be beſt for a Ship to run before the 

Mind, if ſbe could bear all her Sails abroad. p. 11 
Kill 26. Of the beſt Angle that the Line of the Wind 
9 = nales With the Sails. 8 8 8.1 


KS 
» 
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Of the 2 Situation of a Ship which i is not ſabjelt 
lo have a Lee-May. : p. 12 
th 27. The Principles and Preparation 10 determine the 
' es VVV „ 
28. A Calculation of the grebe lateral Force, pa- 
rallel to the Direction of the Keel, or the beſs An. 
gh that the Sails and Line 2 the ind can make 
with each other. _ 5 @- © 
29. The ſame Calculation determines at the ſame 
time the two beſt Angles ; one, when the Ship 
runs upon a V, ind, ond the other, when ſhe runs 
barge. „ 
30. A Computation of the Table of the beſt Situa- 
tions of the Sails, for all the Angles of every 
three Degrees made by the Line of the Wind, and 
' the Comrſe fa SU 8 17 
31. The ſaid Table gives at the ſame time the beſt 
Angle made by the Keel and Line ＋. the Wind, 
35 An Obſervation i pon the Caſe wherein 22 Keel 
10 eee, to the Line of the Mind. p. 18 
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33. If the Angle made by the Sails and Keel be ſup- 
poſed to be nothing, we ſhall then have the beſt 


Angle made by the Keel aud Line of the Wind. 


34. The beſt Situation, both of 15. Ker? cad Sails, 


when a Ship runs upon a Ie, an runs large. 


7M 18 


Of the Situations of the Sails, with regard to the 
different Courſes and Lee-Ways of a Ship, when 
the Plane of the horizontal Sections of Ber Hull 


is a right-lined Polygon. p. 20 
35. What we underſtand by the Hell of a Ship, and 


in what Senſe the horizontal Seftions of a Ship 
may be taken for a right-lined Polygon. p. 20 
36. The Principles of the Las made againſt 


plane Surfaces. pP. 10 
| 37, and 38. The Ratio of the Strokes againſt FRET 
qual Surfaces differently ſituated. p. 22 


39. Of the Impreſſions upon two equal Surfaces, 
making an invariable Angle With one another. 


P 22 
40. The 7. endency of ſuch Surfaces when Pu hed be 
| liquely. 3 55 | E. 2 3 


41. An Application i thoſe Principles to the De- 

termination of the Courſe and LeeWiy of a Ship 
in ſhape of a Rumbus, and Parallel m. p. 23 
42. The Determination of the Lec- Was, and Situa- 
tion of the Sails of Ships, whoſe Sections are Po- 
 bgons. . P. 24 
OY > 
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| 5 43. The ſame Determinations in the _ wherein the 
Wy Effort of the Watcr is exeried only againſt the 
1 Side of the Ship. P. 25 
gl 44. The Calculation of the Table / lateral Forces. 
Rh 8 P. 26 
0 2 45. An Example to determine the Situation of the © 
Wl Sails by means of the J. able, when the Angle of 
9 the Lee- M. ay 15 given. p..28- 
* 46. The Neceſſity of making Ti ables for the worin 4 
i | | 1 of Ships. N P- 30. 


47. What is the Reaſon that Ships having curve- 
ined Shapes, are Preferred to fuch as have right- 
lined ones. p. 30 


48. The Neceſſity of fupp 15 ing the irregular Curves 


f of Ships Plankings to be Polygons, or geometrical 
bi Curves, nearly approaching to thoſe irregular 
Fil Curves. T p. 30 
| 49. All Ships have two Curves, the one vertical, 
and the other horizontal. _ P it 
50. The Horigontal Curve may be taken for the Seg- 
ment of a Circle. „ P. 33 


| Of the Refitances and mean Tendencies of curve-lined 
1 Figures, or the horizontal Sections of curve Sur. 
1 Jaces, moving in Mater, or auy other Fluid. 
_ | | P-. 34 
1 5 vo 51. What Method ovobt to be taken to find the Force 
10 and mean 7 endency of a Curve moving in a Fluid. 
52. 
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52. A Computation of the whole Force, and the la- 


teral ones perpendicular and perallel to the Di- 
rection of a Fluid. p. 35 
53. The Nature of the Curve muſt be known. p. 36 
54. A Calculation ben the Curve is taten for an 


FP e 
965. When it is a Quadrant. > 
56. When it is a Semicircle. = =. 


57- The Computation of the Table of lateral Forces 


for every 30 Minutes of the Arches of a Qua- 
drant. e 8 


58. IWhen the horizontal Seftions of a 2 are - 


milar Segments of a Circle, to determine the Po- 


filion of the Sails, in 1 that Caſe where there is no 
| Lee-Way. | | P. 39 f 


59. That firſt Caſe computed. Pp. 40 
60. The ſecond Caſe wherein is determined the | + ES 


reftion and Quantity of the mean Reſiſtance of the 
Water, and conſequently the Pofition of the Sails, 


toben the Angle of the Lee-IWay is teſs than one 
half of the Segment MAH. p. 40 
61. A Calculation for the ſecond Cafe. OS 
62. The third Caſe, wherem the ſame Tendencies are 


found, when the Angle of the Lee-IV/ay is equal 


to one half of the Segment MAH, or the Reſiſt- 


ance of the Water aff ects wy one half the Ship, 
P: 43 


1 5 * The fourth Caſe, wherein the fame Tendencies 


are found when the Angle of the Lee-Way is great- 
er than one half of the Arch MAH. p. 44 


64. The Calculation of that fourth Caſe. p. 44 
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65. The fifth Caſe, wherein the ſame Tendencies are 
Found, when the Angle of the Lee May is greater 

than the Complement of half the Arch of the Seg- 

ment MAH. p. 45 
66. The fixth Caſe, wherein we find the ſame Ten- 
dencies, when the Angle of the Lee- May is a right 
Angle, or the Ship oo with her Broad: fide fore- 


MgE: p. 46 


„ Lt Ratio 1 the Ref e a Ship ſuffers 


by cutting the Mater with her Head, to the Re- 
. ſhe ſuffers when Je cus it with her Side. 


p. 47 


SECT. vi 


Of the Ratio of the different Velocities of a Ship, 


along the different Courſes ſhe fails, and the Po- 
fitions of the Sails and Line of the Wind. Pp: 49 


_ The Velocitis are in the ſubduplicate reciprocal 
Ratio of the Diagonals BO, or the mean Reſit- 


ances. 2 49 


69. Com pu. ation of the Velocities, when the e 
eſt is ſuppoſed to be 1000. . 50 


79. A Ship's Courſe, the Lee- May, and Situation 


of the Sails, continuing the fame, and if the 
Line er Courſe of the Wind alters; the Velocities : 
of the Ship will be in the ſi ngle Ratio of that of 


the Wind upon the Sails, p. 1 
71. Every thing remaining the ſame as in the afore- 
ſaid Article, if the Velocity of the Wind increaſes 


the 


or decreaſes, the Jelocities of the Ship will be in 
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the ſingle Ratio of that of the Wind. P. 52 
72. The Ratio of the Velocities of the ſame Ship, 


when the Poſition of the Sails is altered. p. 53 
73. The Ratio of the Velocities, when the Angle of 


the Keel and the Sails with the Line of the IVind 
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p. 62 


88. An algebraic Calculation of the Force, which | 
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103. The Courſe of a Ship being given, together 
with that of tie Mind: to find the Angle made 
by the Sails aud Keel, and the Tee- Mc. p. 80 
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of a Ship in her various Courſes, and the various 


— of Incidence of the Wind on ber Sails. 


P. 87 
114. That Problem is the moſt uſe ful in the whole 
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what cauſes them to be good or bad Sailers. p. 90 


RO B. FE: 
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P. 131 
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PROB. X. 
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with regard to the different Quantities of Sails 
abroad, the different Forces of the Wind, and the 
different * of Incidence . the Wind upon 
the —_ p. 118 
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146. An Example. 5 „ 
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158. An Example thereof p. 136 
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tities, viz. the Velocity of a Ship, that of the 
Wind againſt the Sails, the Reduced-plane, and 


the Surfaces of the —_— p · 138 


8 162. A Rule to find the Velocity of a Ship. p. 138 
1 164. How to Jag: the Value . the Reduced-plane. | 


p39 
16 8 How to fad the bez Velocity of the Wind 


upon the Surfaces af the Sails. p. 140 


163. An Example. 


ibs, of the Ratios between th Velhcities 7 1 
Ship, and thoſe of the Wind. 197. 


166. To find the Velocity of a Ship, when only ſome 


part of her Sails are abroad. pP. 140 
167. How to find the Velocity of a Ship, when the 


Direction of the Wind is not perpendicular to the 


Surfaces of the Sails, 


5 p. 141 
1 68. How to find the abſolute Velocity of the Wind. 


p. 143 


169. The abſalutt Filed af the Wind being ==, 
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TABLE 1. 


A Table of the Oblique Strokes or Impulſes of Water or 
Wind upon a ſquare Foot of Surface, for all the Angles of | 
Incidence of every 30 Minutes, made with a Velocity of one | 

Foot in a Second, when the greateſt perpendicular Force is 
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Table of the Oblique Strokes or Impulſes of Mater or 
| Wind upon a ſquare Foot of Surface, for all the Angles of 
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A Table of the oblique Strokes or Tmpulſes of of. Water er 


Mind upon a ſquare Foot of Surface, for all Go Angles of 
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Foot in a Second, when the great ä Force 16 
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Wind upon a ſquare Foot of Surface, 
Incidence of every 30 Minutes, 
Foot in a Second, when 

is repreſented by 20000. 


TABLE: 
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TABLE 11. 


A Table of the Lateral Forces of the Strokes of Fluids | 
both perpendicular and parallel to their Direction upon all | 
#he Arches of a Quadrant for every 30 Minutes, ex- | 
preſſed in Paris of the Radius, which we ſuppoſe to be . 
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A Table of the Lateral Forces of the Strokes of Fluids 
both perpendicular and parallel to their Direction upon all 
the Arches of a Quadrant for every 30 Minutes, ex- 


preſſed in Parts of the Radius, which we ſuppoſe to be 
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100000. 
| ran The The px = 4. The 8 The ia 
W : lateral | ral per- || ge lateral | ral per- | 
* 8 1 parallel [Pendieularf 4 Circle,] parallel ]pendicular] | 
SDS] Force. | Force. || © : Force. Forces. | 
5 "i BE — integer & EY FR Integers & Integers & 
: Deg. on: Fractions F ractions. * eg. Min. Fractions. Fractions. 
2 | 9894 | 2808 38 304387 | 8oqr3} 
| 26 30 | 10654 | 2951 30 |.56053 | 33477 þ 
27 11454] | 3119 [|| 39 30 | 4818 8580 
#7 -.. 30 1229 32813 4j 40 5 5046 88525 
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© AQ, by the fo th for th made of the of the the Rud- the Rud- | 
o E|Wind's ne eich the EE der to | der for | 
= © Sails | Sails „Wind Velo 5 i 
-= © and | _ | Ship's * tack a- | veering | 
8 Ship's Le. 3 Courſe 75 . hut. | the Ship. 
Ic Courſe, mm | me: fand Keel. 1 E 
bp. Mp. MID. MID. M.] D. D. M. D. M. 
1860 ſoo 39% fo 18 100 54 4454 44 
176 87 15088 4500 176998 54 44/54 44 
173 88 17687 430 17399654 4454 44 
Ii 70 3083 21086 39% 30| 170 994 | 55 14 54 14 
1167 30881 20088 40/0 30 | 167 | 992 | 55 1454 14 
164 30179 20084 gol © 30 164 | 984 55 14 54 | 14 
161 30/77 22883 3800 30161989 55 14 54 14 
15 [75 2582 351 158 976 55 4453 44 
2— [56 J73 2681 34/1 155974 55 44/53 44 
153 7 26080 3441 15297055 44/53 44 
| 159 [69 327 280 J149 968 55 44| 53 44 
3-147 30j07 38078 22] 1 30| 146 | 958 | 56 14 | 53 14 
1144 3965 35/77 25] 1 30 | 143 | 948 56 141] 53 14 
14. 3oſ62 40j77 11] 1 39 | 140 | 939 56 14] 53 14 
| [138 30061 5575 5% 30137929 56 1453 4 
41136 -J60 = 3173 $7 2 134 | 920 56 44+ | 52 44 
E 33 58 1172 4 1 13F4-910 | 50 452 44 
130 56 3571-25] 2.. 128 015% 44 | 52 44 
27 54 34½% 26062 125890 56 44| 52 44 
5— 124 30052 4759 1302 30 12288157 1452 14 
ur. zol 2 57 S2 30 119 872857 14 52 6 
118 3048 40Þ7 202 30116 | 863] 57 1452 14] 
1 115 30046 51166. _ 2 30 113 85257 14152 14 
| 6—J113 [45 54% 663 11840 57 451 44 
rio 144 1oþz2 50% 3 10782857 4451 44 
. 10 42 31051 2903 104816 57 4451 44 
| 04 3oj41 2369 3703 30101 789 58 14 51 14 
7-21 3059 17158 4313 30 9877858 1451 14 
99 [37 4467 1 | 95| 76758 44 50 44 
logs 13 22 2518 441 50 44 


4 Table Tor the moſt advantageous working of Ships wi 


TABLE XIX. 


curve-lined e is $9 Degrees. 


— 


Points of the © 
— 


T 


The 
Angles 
made 
by the 
Wind's 
and 
Ship's 
_ | Courſe. 


P. NI 


I 


The 
beſt | 
Angles 
for tie 


Sails 


and 


Keel. 


Wind. 


30% 


The 
beſt 
Angles 
tor the 
Sails 

and 


made 


Ship's 


Courlſe 
| and Keel. 


The Lee- | 
ways, Or 


| Angles 


The 
An- 
gles 


ot the 


with the Wind 


and 


Keel. 


D. M. 


54 44 
53 


27 
5 


D. M. 


The 


Ratio 
of the 
Velo- 


cities. 


Angles of 
the Rud- 
der to 
tack a- 
bout. 


The beſt 


The beſt | 
Angles of | | 
the Rud- | 

| der for 
veering | 


25 115 | 


; 


523 


i 


e 


TA NLE N. 


A 7 able for the moſt advantageous working of Ships Whoſe 


curve: lined Prom is 55 Degrees. 


C 
v | Angles * | 2 ways, or eg The | The beſt | The beſt | 
FS; made Angles |. „ [Angles of Angles of 
[= | by the Anges Angles] made Ses [Natiof the Rud- the Rud. 
© 2 . 1 | for the | for the N of thelot the ' q 
| ind's Sails | Sails Wien Meind Velo⸗ der to 205 for 
SO| and | Ship's 5 tack a- | veering | 
S 4-4. and and © # 5 | and cities. : 
* Ship's Keel. Wind Courſe. 1 bout. 5 the Ship. 
_ | Courie. TE fand Keel. „ „ | 
b. M. D. Mlb. MD. Mlb. | [D. M. D. M. 
[18 ſ% foo %o 180 00 54 44/4 44 
176 87 15888 45] 0 | 170 | 999 | 54 44] 54 44 
173 s 1787 4 9. 173 | 998 | 54 44 | 54 44 
| 1—[170 483 21186 39] © 3o | 170 | 996 | 55 14 | 54 14 | 
| 167 81 =, 40] © 3o | 167 | 995 | 55 14 | 54 14 
1194 19 2084 490 30 | 164|gg1| 55 14 | 54 14 
2 37 2283 382 161987 55 44 | 53 44 
| 2—159 7s 25182 351 | 158 | 983 | 55 44 | 53 44 
| 185 73 2681 3441 | 155 979 55 4453 44 | 
Z 290. - 341.2; ©: 3-198 979-155 .44 13344]. 
150 [59 32090 2801 | 149] 964 | 55 44|53 44 
| $147 30]>7 3879 22] 1 30 146 | 957 56 14 | 5 
1 1144 . 35/77 -25}.1 304351 5 4 3 4 
|. fi42.: 3 40% 112 | 140] 943 | 56 44 | 52 44 
Eise $9175: 61-8: 137 | 935 | 56 44 | 52 44 
| 4—[136 60 373 57 2 134 928 | 56 44 | 52 44 | 
| |133 3oſ58 11j72 49 2 30 131 | g18 | 57 14 52 14 
4130 306 35 %i 25 2 30 1] 128 90857 14 72 14 
1127 3054 34/0 26 2 30 [125898 57 1452 14 
| | 5—[125 652 4769 133 | 122 | 883 | 57 44| 51 44 | 
| jizz {3x 2067 58 3 [119] 868 | 57 44 | 51 44 
+ 1119+ 48 40% 203 116 857 57 44] 51-44]. 
116 3046 51166 9g; 3 30 113846 58 14 | 51 14 
6—]113 30% 53464 613 301183558 14 | 51 14| 
| | ſur [414 1062 50% 4 Pro7|820]58 4450 4 
I fies [,z 31j61 290 4 | r04|804|58 44| 50 44 
f. 30.4 101 1 7951 $9: 14 1 $0.14 7 
7— oz 30039 17158 43! 4 39 | 98 | 755 59 14 | 50 14 
| 99. $9127 447 10 4 30 1 95 1.775 [39 141.50 18, 
Jo ls 96 als le:lo9glo 44149 4 


TA RUE 


4 Table for the moſt advantageous working of Ships c 
curve-lined Prot is 55 Degrees. 


* 1 1 Thelee we. . 4 Py 15 
| v | Angles} 2 ; 20 ways, or TIM 54, | The beſt | The beſt | 
„made wen Pes A Angles of Angles off 

2 A | |: dati e gas, es 5 

Is 8. by the for ee r 8 made 12 vo the the Kud- the Rud-} | 
2 5 Wind's with the der to | der for | f 
28 


WE K „ * 


| and | ag a | Ships and Ce. tack a- | veering |_| 
Ship's Keel. | Wind. Courſe. Keel cs. bout. | the Ship. 
| Courle. | e neee. „% au, | 
| jD. M. D. MD. MD. M. PD.. b. M. D. M.“ 
| 95 35 1654 445 9 745% 4440 44 
8— 93 30034 33/63 2705 30 88 | 733 | bo 1449 14 
90 303 525% 85 30 87 725 60 14 4 
88 61 25150 35 6 82 | 099 6% 4448 44] 
88 30129 33149 27 6 30 79 | 678 | 61 1448 14 
3 28 3747 2307 76 | 658 6 447 44 
80 30/27 14145 407 30 73639 62 1447 14 
19 78 25 Fo 108 70 620 62 4446 44 
= 75 3024 3642 248 30 67 | 606] 63 14] 40 14 
73 |23 4349 1719 | 64|588 163 44145 44] 
1 42 39 o |} 61]560|64 44|44 44} 
69 20 4837 1211 58 | 535 65 44/43 44 
1o— 67 3019 35/35 250% 30 55 50267 14 | 42 14 
6 18 0133 54/4 52 474 68 4440 44 
65 17 1331 47/60 49 | 441 | 70 44] 39 44 
64 16 512g 5518 46 | 410 | 72 44] 37 44 
= B L 2 1333 
— — — — — 


TAB .L E-XXY 
A Table for the moſt advantageous working of Ships whoſe 


il  curve-lined Prow is 60 Degrees. 
ll rr  E oh-r:1 
| as Angles Ls 81 ways, or Nw | The The beſt | The beſt | 
made TY i Angles A Angles of Angles of | 
2 Ang'es Angles gles | Ratio 
i= =} by the | made | © the Rud- the Rud- | 
18 24 2”? for the for the|_. of theſof the | 
to 61 Wind's. . n With then der to | der for | 
2 © ; Sails | Sails | &; .. 5, Wind [Velo- f 
35] and | | Ship's Ates | tack a- | veering | 
. and and and cities. I ww 
js | Ship's Keel | Wind Courſe. 767 bout, | the Ship. 
MU IS honed tans one) oe GR. 
D. M. D. MAD. MD. M. IE D. D. M. D. M. 
| 180 90 90 O | 180 [1000 | 54 44 | 54 44 | 
76 [87 15388 45] © 176 | 999 | 54 44 | 54 44 
473 485" 1797-43] © 173 | 995 | 54 44 | 54 44} 
| 1—[i79 83 2186 39] 30 170 997 | 55 14 | 54 14 | 
| 57 88 as 5 40] 30 | 107 | 995 | 55 14 | 54 14 | 
| 154 30% 2084 4 30 [16499215 44 4] 
1 102 * 2263 38 1 161 989 5 5 44 53 44 
f | 2—lig [75 25152 35] 1 158 [980 | 55 44 | 53 44 ö 
| 1156 173 2681 341 155 [981 | 55 44153 44] 
| 153 © 1724 2689; 341.4: [i321 97$ 1355-44453: 44} i 
| 150 30069 3279 280 1 30 149 969 | 56 14 | 53 14 | 
I 3—[147 3007 3878 221 30146958 56 1453 14 
| 1145 5 3577 25 3 14394856 44 | 52 44 . 
| 1442 02 40% 11,2 (140939 56 44 | 52 44 - 0 
1 1 ee 56 44 52 444 
36 3ofco 373 572 30% 34 57 14 32 4 
1133 30658 11172 492 30131915 57 1452 144 | 
30 3056 35171 25 2 3012890757 14 52 144 
4 128 54 3470 20 3* I25 | 9001 57 44 | 51 44 | ; 
4 5=P25 352 + 9 13} 3. 1221 885 | 57 44 | 51 44 
A 122 2ol5r. 2.67 580 3 30119 | 870 88 1451 14 N 
119 3ej48 4067 291 3 30 115857 58 145 14 X 
iin 140-4160 ::9]. 4 113 | 344 | 58 44 50 44 
{54-6414 48 5464 6 4 110 | 830 | 58 44 | 50 44 1 
| 111 3044 - 1002 12 +: 30 | 107 |] 817 59 14450 14 
1 08 30042 31061 29 4 30 | 104 | 806 50 14 50 14 0 
100 441. 2352 371-3 101 79459 4440 44 7 
ies ze s 98782 | 59 44/40 44 
| 9. 3067 4457 165 30] 95] 770 | 660 1440 14} | 


— 
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2 * - 5 5 4 SATIN BL LIED n ö WI. 0 F DTS a phe ᷣͤ Shed arte bt. RS a Q IF PE, ä Vs x” Y * , 
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TABLE XI. 
A T, able for the muſt advantageons working of Ships whoſe 


 eurve-lined Proto is 60 Degrees. 


a 


28 


Points of the 


Angles 
made 


Compaſs. 


The 


by the 
Wind's 


The 
beſt 

Angles 

for the 
Sails 
and 


Keel. 


| 
The 
beſt 
. 
for the 
Sails 

and 
Wind. 


30 


| The 


R:utn 


of the 
ind | Velo- 


cities, 


The beſt 


Anoles of 


O 


the Rud- 
der to 
tack a- 


out. 


Veer; 
| the off p. 


The beſt 
Angles of ' 
the Ri ad- 


der- Fo r = 


ah a _ 
TY" * _ „ 
22 ( —_— * E 


Since we have Occaſion in the Reſolution of the greateſt Part 
of the Problems of the working of Ships, for the Sines and 
Tengents of Angles for the fourth Problem; we have thought 
fit here to ſubjoin a ſmall Table of the Sines and Tangents 

ill of every Degree, for the Convenience of thoſe who may uſe 


our Tables in the Practice of Navigation. 


— | — a RIDES? ny 1 
FD; Sines. argent“ D. | Lines. [Tangents. - 
3 ee e nt 
0-2 | 1145] £1746 17 28 46947 | 53171 N 
| 4 2 | 3490] 3492 |] 29 48481 55431 
x JS 44934 7 - $541 18 39-4 32000 's $7 35-4 
| 3 een een ee eee 
| | 4 | 6976 | 6993 ||} 31 | 51504 | 5eo8b | 
{ 5 | $716 | 8749 || 32 | 52992 | 62487 
{ © | 10433 | 10510 [| 33 | 54404 64941 | 
* . La TERS Þ 
1 { 7 | 12187 | 12278 |] 34 | 55919 | 67451 
'| i 8 | 13917 | 14954 || 35 | 57358 | 7oozr | 
| 1 9 15643 | 15338 [| 36 58779 : 72654 | 
F 4 10 17365 17633 [| 37 60181 | 7535 * 
K {| 11 |] 19081 | 19439 {| 38 | 61566 | 78129 
4 1 12 | 20791 | 2125 {| 39 | 62932 | 80978 
| e e a. e ee 
1 22495 23087 140 64279 | 83910 . 
| 14 | 24192 | 24933 || 4r 65605] 86929 | 
1] i5 | 25882 | 26795 [| 42 | 66913 9004 O 
: | 16 | 27564 | 22675 j| 43 02200 03252 | 
| 7 | 29237 | 30573 || 44 | 09456 96569 
118 | 30902 | 32492 45 | 79711 | 100000. 
{J 19] 32557 | 34433 || 45 | 71934 | 103553 | 
{ 20 | 34202 | 36397 || 47 | 73135 | 107237 | 
| 21 | 35837 | 38380 1] 48 | 74314 | 1110561 
122 | 37461 | 40403 || 49 | 75471 | 115057 
{ 23 | 39073 | 42447 || 5o | 76604 | 119175 | 
ix 1 24 | 40674 4523 || 51 | 77715 | 123490 | 
i {| 25 | 42262 | - 40631 52 78801 127994 
5 4 20 | 43837 | 48773 |! 53 | 79864 | 132704 | 
„ 7 45 399 59553 57 Rog ens 137038 | 


Table of Sines and Tangents, 


CN & 


— ET 


— 


þ 
ö 4 
[ 
| 
ö 


D. | Sines. T angents.| D. Sines. Tangents. 
564 80902 137638 || 72 | 95106 207768 | 
55 | 81915 | 142815 || 73 | 95030 | 327085 | 
56 | 82904 148250 [| 74 | 96120 | 348741 
5783867 | 153986 || 75 | 90593 | 373205 | 
58 | 84805 | 100033 76 | 97030 | 401078 h 
9 | 85717 | 165428 || 77 | 97437 | 433145 
60 | 86603 173205 178 | 97815 | 470463 
61 | 87462 | 180405 || 79 | 98163 | 514455 Þ 
| 62 | 82295 | 188073 || 80 98481 567128 | 
T6; | 89101 | 196261 || 81 | 98769 | 631375 | 
64 $9879 | 20503082 | 99027 | 711537. 
| 6; | 90631 | 214451 || 83 | 99255 | 514435 | 
66 | 91355 | 224604 || 84 | 99452 | 951430 } 
| 67 | 92050 | 235585 || 85 | 99619 [1143005 
68 | 92718 | 247309 [| 86 | 99756 [1430067 
6g | 93358 | 260509 1] 87 | 99863 9081144 
70 | 93969 | 274748 || 88 | 99939 [2863024 | 
-1 | 94552 | 290421 || 8g | 99985 13728990 
b FS, IG LISTS. 
PFC 


BO ORS printed for C. Davis, againſt 


Gray's-Inn-Gate in Holbourn. 


+; HE Figure of the Farth determined, from 


1 Obſervations made by Order of the French 


King, at the Polar Circle: by Meſſ. De Maupertuis, 


Camus, Clairaut, De Monnier, Members of the Royal 
Academy of Sciences, the Abbe Outhier, Correſpondent 
of the Academy, and Mr. Celſius, Profeſſor of Aſtrono- 
my at Up/al. Tranſlated from the French of M. De 
Maupertitis. 35 N 


2. Memoirs of the late Marquis De Feuquieres, Lieu- 
tenant · General of the French Army. Written for the 


Inſtruction of his Son. Being an Account of all the 
Wars in Europe, from the Year 1672, to the Year 1710. 
In which is given a Curious Relation of the Sieges un- 
dertaken, and Batiles fought, in that Period of Time. 
Particularly of the Battles and Encounters of Moerden 


in 1672, Seneſße in 1674, Lintzheim in 1674, Hinſbeim 
in 1674, Mulchauſen in 1674, Colmar in 1674, Alten- 


beim in 1675, Conſarbrick in 1675, Caſſel in 1677, St. 


Dennis in 1678, Walcourt in 1689, Flerus in 1690, Sta- 


Jarda in 1690, Leuſe in 1691, Steenkirh in 1692, Spire 
back in 1692, Landen, or Narwinden, in 1693, Mar- 
faglia in 1693, Carpi in 1701, Chiart in 1701, Creſtolo 


in 1702, Luzara in 1702, Fridlinguen in 1702, Spires 


in 1703, Donawert in 1704, Hochſtet in 1704, Eckeren 


in 1705, Calcinato in 1706, Caſſano in 1706, Turin in 


1700, Ramillies in 1706, Caſtiglione in 170%, Almanza 
in 1707, Oudenard in 1708, and Malplaquet in 1709. 


With Hiſtorical and Critical Obſervations on every great 
Tranſaction; highly uſeful to all who would underſtand 


the Art of War. Pointing out, in ſeveral particular 
Inſtances, the Errors and Miſconduct of Louis XIV. 
the Duke of Savoy, the Prince of Orange, Count de 
 Aenteciiculi, the Marſhals de Crequi, Humieres, Catinat, 
Villeroy, Boufflzrs, Tallard, Marſin, Villars, the Dukes 
of FPendome and Heuillade, Sc. With the Characters, 


Enterprizes, and Military Conduct of the ſaid Gene- 
rals; as alſo of the Marſhal de Turenne, the Prince of 
„ . 25 Cande, 


BOOKS printed for C. Davis; 


Conde, the Duke of Luxemburgh, Prince Eugene, and 
the Duke of Marlborough. And likewiſe the Intrigues, 
Views and Characters of M. Colbert, M. Louvois, 
M. Pomponne, and M. Chamillard, Miniſters of State to 
Louis XIV. Comprizing uſeful Reflections on the 
Views, Politicks and Intereſts of the ſeveral Potentates 
of Europe; together with a brief Character of each of 
the Sovereign Princes who reigned in that Space of 

| - Time. Tranſlated from the French, in 2 Vols, 8vo, 


2. Diftionarium Polygraphicum : Or, The whole Body 
of Arts regularly digeſted. Containing I. the Arts of. 
Deſigning, Drawing, Painting, waſhing Prints, Lime 
ning, Japanning, Gilding in all the various Kinds, alſo 
Perſpective, the Laws of Shadows, Dialling, Sc. 
II. Carving, Cutting in Wood, Stone, moulding and 
caſting Figures in Plaiſter, Wax, Metal; alſo engrav- 


ing and etching in Metzotinto. III. A brief Hiſtorical 
| Account of the moſt conſiderable Painters, Sculptors, 


Statuaries and Engravers, with thoſe Cyphers and Marks 


by which their Works are known, IV. An Explana« 


tion of the Emblematical and Hieroglyphical Repreſen- 
_ tations of the Heathen Deities, Powers, Human Paſ- 
ſions, Vertues,. Vices, &c, of great Uſe in Hiſtory- _ 
Painting. V. The Productions, Nature, Refining, 
Compounding, Tranſmutation, and Tinging of all ſorts 


of Metals and Minerals, of various Colours. VI. The 


Arts of Making, Working, Painting, or Staining all 
ſorts of Glaſs and Marble; alſo Enamels; the Imita- 
tion of all ſorts of precious Stones, Pearls, &c. accord- 
ing to the Practice both of the Ancients and Moderns, 
VII. Dying all forts of Materials, Linnen, Woollen, 
Silk, Leather, Wood, Ivory, Horn, Bones. Alfo 
Bleaching and Whitening Linnen, Hair, &c, VIII, The 
Art of Tapeſtry-weaving, as now perform'd in England, 

* Flanders and France, either of the high or low Warp. 

Alſo many other curious Manufactures, IX. A De- 
ſcription of Colours, natural and artificial, as to their 
Productions, Natures or Qualities, various Preparations, 
_ Compoſitions and Uſes, X. The Method of making all 


kinds of Inks, both natural and ſympathetical : and alſo _ 


many other Curioſities, not here to be ſpecified ; where- _ 


2 


BOOKS printed for C. Davis, 


by this is rendered a more compleat Work than has hi- 
therto appeared in any Language. Adorned with pro- 
per Sculptures, curiouſly engraven on more than fifty 


Capper Plates. In two Volumes, 8vo. 


4. Elements of the Art of Aſſaying Metals: In two 
Parts. The firſt containing the Theory, the ſecond the 


Practice of the ſaid Art. The whole deduced from the 
true Properties and Nature of Foſſils. Confirmed by the 
moſt accurate and unqueſtionable Experiments; ex- 
plained in a natural Order, and with the utmoſt Clear- 
neſs. By John Andrew Cramer, M. D. Tranſlated from 


the Latin. Illuſtrated with Copper- plates. To which 
are added, ſeveral Notes and Obſervations not in the 
Original, particularly uſeful to the Engliſb Reader; with 


an Appendix, containing a Liſt of the chief Authors 


that have been publiſhed in Engliſh upon Minerals and 


| Metals. 
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